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INTRODUCTION
Extensive interest in dihydropyridines developed with 
the discovery that nicotinamide adenine dinucleotide owed its 
biological activity as a coenzyme to its reduction to a 1,4- 
dihydropyridine. Consequently the formation of dihydropyri­
dines by nucleophilic addition to pyridinium ions has been
1 2intensively investigated. The subject has been reviewed. ’
The structures of the products resulting from reduction with
1 3 A-borohydride and dithionite ion or from addition of cyanide ’ * ,
5 6
hydroxide , stabilized carbanions , acetylide ions, and
Grignard reagents have been determined. Further discussion
will be restricted to the addition of organometallic species
to pyridinium salts.
In 1909 Freund and Bode^ reported the formation of
unstable dihydropyridines from the reaction of Grignard
reagents with 1-methylpyridinium iodide, but they did not
g
isolate or characterize the products. Karrer and Widmer 
in 1926 isolated dihydropyridines derived from the nicotinium 
salt (1.), but were unable to determine whether the products 
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2The first proof of the position of attack of a Grignard
reagent on a pyridinium salt resulted from the work of Grewe 
9
and Mondan who converted the pyridinium salt (4) to the di­
hydropyridine ( 5 ) as part of a synthesis of morphinans.
PhCH2MgBr
CH,
(i) ( 1 )
The Grewe morphinan synthesis has been used by several
groups of workers. The dihydropyridine intermediates
were prepared by the action of a variety of benzylic Grignard
11 12reagents on pyridinium salts substituted by alkyl * and
aryl^ groups. In most cases the physical properties_of the
dihydropyridine, with the exception of the boiling point, have
not been recorded because of rapid oxidation.
The reaction of phenyllithium with 1-methylpyridinium
iodide has been reported to give l-methyl-2-phenyl-l,2-di- 
13hydropyridine.
The products obtained in subsequent steps of the Grewe 
morphinan synthesis and in the_other reactions described make 
it clear that attack of a Grignard reagent on a pyridiniurr 
salt occurred on the carbon alpha to nitrogen and that if one 
beta substituent was present the reaction occurred on the 
carbon between the nitrogen and the substituted beta position. 
There are no reports of the formation of the other possible 
isomers. These results are analogous to those obtained in the 
study of the reaction of phenyllithium with beta substituted 
pyridines.^ No simple explanation of the substitution pattern
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3for either case has been reported.
Similar specificity of substitution has been observed
in the reaction of silver phenylacetylide with various 1-ben-
zoylpyridinium chlorides (6), substituted in the benzoyl group,
15 16to give the amide derivatives of 1,2-dihydropyridine (,7). ’
(T  j   »  [l jL c s




The reaction of Grignard reagents with 1-alkoxypyri- 
dinium salts has been reported by Cervinka to give some sub­
stitution in the 4-position in addition to the expected sub-
17 18stitution in the positions adjacent to nitrogen. * The 
cyclopentadienyl anion has been reported to undergo reaction
with 1-alkylpyridinium salts to give products resulting from
19 20reaction at the 2-position and the 4-position. A possible
3explanation of these opposite results has been proposed.
In view of the synthetic utility of dihydropyridines 
it appeared desirable to extend the scope of their preparation 
from organometallic reagents. At the same time it was desir­
able to explore the factors influencing the specificity of the 
position of attack on the pyridinium ion. This Thesis deals 
with the extension of the reaction of organometallic reagents 
with pyridinium salts to salts which are substituted in the 
3-position with electron withdrawing groups. These salts are 
suited to the purposes stated since there are no reports of 
the reaction of a salt of this type with an organometallic 
reagent, and the dihydropyridines resulting from the reduction 
of such salts are less subject to decomposition and oxidation.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4DISCUSSION AND RESULTS
The Reaction of Organometallic Reagents with Pyridi- 
nium Salts and the Structures of the Products. No reports of 
the reaction of an organometallic reagent with a pyridinium 
salt substituted with an electron withdrawing group in the 3- 
position have appeared in the literature. Since the dihydro­
pyridines resulting from the reduction of such salts are im­
portant both as biological and synthetic intermediates, the 
reaction of organometallic reagents has been extended to in­
clude nicotinonitrile and methyl nicotinate quaternary salts.
On the basis of the reported reactions of pyridinium 
salts with organometallic reagents which are summarized in 
the introduction the major products from the reaction of nico­
tinic acid derivatives would be expected to be 1,2- and 1,6- 
dihydropyridines. The formation of 1,4-dihydropyridine de­
rivatives has been reported in only a few instances.
The lack of spectral data for the products from the 
reaction of pyridinium salts with organometallic compounds, 
and the large changes resulting from the presence of an elec­
tron withdrawing group in the 3-position required that di­
hydropyridines formed by other methods be used as model com-
4 21-24pounds. The infrared spectra ’ , the ultraviolet spec-
t 4,22-27 , „ 3,4,28tra , and the nuclear magnetic resonance spectra
of dihydropyridines have been thoroughly discussed elsewhere.
The reader is referred to these references for information
since detailed correlations are not given here except for
certain special points of interest.
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5The Reaction of Alkyl Grignard Reagents with 3-Cyano- 
pyridinium Salts. The attack of methylmagnesium bromide on
l-methyl-3-cyanopyridinium iodide might occur at four possible 
positions. Reaction at the 2-, 4-, or 6-positions would lead 
to the corresponding 1,2- 1,4- or 1,6-dihydropyridines. Attack 
on the nitrile function could lead to a variety of products 
including a ketone. In the reactions studied only products 
resulting from attack at the 2- and at the 6-position were 
found.
Both £5 and _9 darken immediately on contact with air
and satisfactory analytical results were not obtained.
The ultraviolet spectrum of the 1,6-dihydropyridine
(J3) had maxima at 341.5 mju. (e - 5,300) and 242.5 mp (e = 8,200)
and l-methyl-3-cyano-l,6-dihydropyridine is reported to have
maxima at 349 mp (e = 4,870) and 240 mja (e = 7,160).^’^ ’^
The 1,2-dihydropyridine (9_) showed a single maximum at 397 myu
and 1-methyl-3-cyano-1,2-dihydropyridine is reported to have
25 29a maximum at 406 mja. ’
The nmr spectra of 1,6-dimethyl-3-cyano-l,6-dihydro- 
pyridine ( 8 ) and 1,2-dimethyl-3-cyano-1,2-dihydropyridine ( 9 )  
are shown in Fig. 15 and Fig. 16, respectively. The assign­
ment of the resonances to the appropriate protons are shown on 
the figures.
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6Although not as useful as the ultraviolet or nmr 
spectra, the infrared spectra of 1,6-dihydropyridines were
observed to have a pair of intense bands, one of which fell
-1 -1between 1630 cm and 1650 cm and the other between 1565
-1 -1cm and 1590 cm , whereas 1,2-dihydropyridines had a
similar pair of bands which occurred near 1620 cm  ^and 
1525 cm Thus the infrared spectrum of 8^ (Fig. 2) showed
a nitrile at 2185 cm  ^and a pair of intense bands at 1638
-1 -1cm and 1580 cm which corresponded to similar bands at
-1 -1 -1
2188 cm , 1653 cm , and 1595 cm reported for 1-methyl-
223-cyano-l,6-dihydropyridine. The 1 ,2-dihydropyridine (j?)
(Fig. 3) showed a nitrile at 2185 cm \  but in contrast to 
the 1,6-dihydropyridines the two bands near 1600 cm  ^were 
at 1620 cm  ^and 1525 cm
The reaction of t:-butylmagnesium chloride with 1- 
methyl-3-cyanopyridinium iodide led to a complex mixture of 
compounds from which no reasonably pure product could be 
obtained.
Treatment of l-benzyl-3-cyanopyridinium bromide with 
_t-butylmagnesium chloride gave l-benzyl-3-cyano-6-t-butyl-
1,6-dihydropyridine (10) as expected on the basis of steric 
considerations, although the material could not be completely 
freed from an unidentified impurity. A small yield of 3- 
cyanopyridine was also isolated which presumably resulted 
from abstraction of a benzylic proton to form a nitrogen ylid 
which decomposed during the workup.
The Reaction of Aryl Grignard Reagents with 3-Cyano- 
pyridinium Salts. The reaction of phenyl, jo-tolyl, and o- 
tolylmagnesium bromides with 1-methyl-3-cyanopyridinium iodide 
gave in each case only the 1,6-dihydropyridines.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7(11) R = phenyl
fY™ r J ^ Y CN (12) R = £ -tolyl
CH3 (13) R = o-Tolyl
The ultraviolet spectrum of 11 showed a maximum at
352 m/i (e = 4,490) and a shoulder at 250 mp. (e = 7,100) which
correspond to the maxima at 349 m/i (e = 4,870) and 240 mil 
22 25 29
(e = 7,160) ’ 5 reported for l-methyl-3-cyano-l,6-dihydro-
pyridine.
The structure was additionally supported for all three 
compounds by the nmr spectra (Fig. 18, 20, and 21), and by the 
reduction and oxidation products.
Phenyl and £-tolylmagnesium bromide undergo reaction 
with l-benzyl-3-cyanopyridinium bromide in the same manner.
(TY r/T
X N <  _ H ^ N * ^
I x I
CH2Ph CH2Ph
(10) R = _t-Bu
X = Br"
(14) R = phenyl
X = Br’ or
Cl’
(15) R = £-tolylis-<«iiX
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8Although the chemical shifts of the proton resonances 
of these compounds (Fig. 22 and Fig. 24) were very similar to 
those of the corresponding N-methyl compounds additional split­
ting was apparent. In order to simplify the spectra 1-benzyl-
2-deuterio-3-cyano-6-phenyl-l,6-dihydropyridine (16) was pre­
pared. The simplified pattern (Fig. 23) permitted the protons 
of the undeuterated compound (14) to be assigned as shown in 
Fig. 22. These assignments were confirmed by double resonance 
spectra at 100 Me. on both 14 and 16.
It was not possible to obtain derivatives of either 
14 or 15 by hydrogenation or by oxidation to the correspond­
ing quaternary pyridinium salts, but a Diels-Alder adduct (17) 
was obtained from the reaction of l-benzyl-3-cyano-6-phenyl-





A small amount of non-crystalline material was ob­
tained as a byproduct from the reaction of £-tolylmagnesium 
bromide with l-benzyl-3-cyanopyridinium bromide. Distilla­
tion of this material, presumably accompanied by pyrolysis, 
gave after the workup the hydrobromide of a 3-cyanopyridine 
substituted with a £-tolyl group (18). The position of the
*The 100 Me. double resonance nmr spectra were kindly pro­
vided by Mrs. Richards of Dyson Perrins Laboratory, Oxford, 
England, and Dr. D. Nelson of the University of Wyoming, 
Laramie, Wyoming.
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9tolyl group was not firmly established, but the nmr spectrum
(Fig. 25) showed a singlet characteristic of the resonance
signal of the proton at the 2-position of a 3-cyanopyridine,
thus restricting the possible structures for the free base 1£
to 4-tolyl or 6-tolyl-3-cyanopyridine. The relatively narrow
width of the A 2 B2  pattern of the tolyl group in the free base
(19) (Fig. 26), when compared to the extreme width reported
30for the phenyl group of 6-phenylnicotine , led to the con­
clusion that the tolyl group was probably in the 4-position. 
Compound JL£ was thus tentatively assigned the structure of 3- 
cyano-4-£-tolylpyridine.
Two reactions were tried to see if either a 1,2- or a 
1,4-dihydropyridine would result if attack at the 6-position 
were hindered. The first of these, the reaction of phenyl- 
magnesium bromide with 1,5-dimethyl-3-cyanopyridinium iodide 
gave only 2(3, which was identified as the usual product of 
reaction at the 6-position from the ultraviolet spectrum which 
showed maxima at 353 mp and 251 m^ and the nmr spectrum (Fig. 
19).
(20)
The second reaction involved blocking both the 4- 
and the 6-positions. For this purpose 1,4,6-trimethyl-3- 
cyanopyridinium iodide (21) was prepared and treated with 
phenylmagnesium bromide, as shown below. The only product 
isolated from this reaction was the 1,2-dihydropyridine (22).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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CH3COCH2COCH3 + H2NCOCH2CN
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11
The Reaction of Alkyl and Aryl Organocadmium Reagents 
with Pyridinium Salts. The use of organocadmium reagents was 
an obvious method of extending the synthetic utility of the 
reaction of Grignard reagents with pyridinium salts to com­
pounds containing functional groups more reactive than a 
nitrile. An exploratory experiment demonstrated that 1-benzy'i- 
3-cyano-6-phenyl-l,6-dihydropyridine (14) could be formed by 
the use of the cadmium reagent in place of phenylmagnesium 
bromide.
The reaction of methylcadmium reagent with 1-methyl- 
3-carbomethoxypyridinium bromide gave both the 1,6-dihydro- 
pyridine (26) and the 1,2-dihydropyridine (27).
cr.
Br
C02CHc f^ v ^ C02CH3
’j L J  • l . J r *N 
I
CH
CH CdX CH. 









This reaction was entirely analogous to the reaction of 
methylmagnesium bromide with the corresponding nitrile. The 
products, although they darkened on contact with air, were 
more stable than the corresponding nitriles thus permitting 
satisfactory analytical data to be obtained.
l-Methyl-3-carbomethoxy-6-phenyl-l,6-dihydropyridine 
(28) was formed as expected from the reaction of phenyl- 
cadmium reagent with l-methyl-3-carbomethoxypyridinium bro­
mide, but an anomalous result was obtained from the reaction 
of the cadmium reagent with l-benzyl-3-carbomethoxypyridinium 
bromide. In this case a mixture of two materials which could 
not be separated by chromatography or distillation was obtained.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
12
The ultraviolet spectrum of the mixture showed maxima at 427 
m/u, 353 mp, and 267.5 mjj. l-Methyl-3-carbomethoxy-l,2-di- 
hydropyridine has a maximum at 432 mp and 1-methyl-3-carbo-
25methoxy-l,6-dihydropyridine has maxima at 362 mju and 263 mju. 
The close correspondence of the ultraviolet spectra and the 
nmr spectrum of the mixture (Fig. 32) were both consistent 
with the conclusion that the 1,2-dihydropyridine (29) and the
1,6-dihydropyridine (30) were formed in a ratio of approxi­
mately three to eight as determined from the nmr.
’H3 , ^ ^ C°2CH3




The reason for the formation of both the 1,2-dihydro- 
pyridine and the 1,6-dihydropyridine which occurred only in 
this one case among all of the aryl Grignard and cadmium 
reagent reactions is not known. It is possible that the 
formation of a 1,2-dihydropyridine also took place in the 
reaction of other aryl organometallics with pyridinium salts, 
but several attempts to isolate a second product from these 
reactions were unsuccessful.
The Action of Miscellaneous Organometallic Reagents 
on Pyridinium Salts. Since the principal purpose of this 
work was to explore the extent and the nature of the reaction 
of organometallic compounds with pyridinium salts, several 
reactions were conducted which do not lend themselves to
jpY ?hcdx > (f>ph
^  *  + Br k  N-^h
CH2ph CH2Ph
(29)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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classification in the previously discussed categories. These 
will be covered here.
made to prepare dihydropyridines by the reaction of pyri­
dinium salts which had electron withdrawing groups in the 
3-position with the sodio derivatives of ethyl acetoacetate 
and ethyl cyanoacetate. Although a_ priori it seemed likely 
that dihydropyridines should be formed, none was ever isolated, 
possibly because of their ready oxidation. A product which 
appeared to be 31^  was isolated from the reaction of the sodium 
salt of diethyl ethylmalonate with 1-(2,6-dichlorobenzyl)-3- 
cyanopyridinium chloride.
conclusive, but the nmr spectrum (Fig. 28) favored the struc­
ture shown since the resonance of the proton in the 2-position 
appeared in the usual position and the resonance at 6.14 ppm 
was a quartet as observed for the 4-position of 1,6-dimethyl-
3-cyano-1,6-dihydropyridine (8^) and not a sextet or octet as
4
reported for the 6-position of related 1,4-dihydropyridines.
l-benzyl-3-cyanopyridinium bromide proceeded exactly like the 
reactions of the aryl Grignard reagents, and the product




Analytical data and the ultraviolet spectrum were not
The reaction of phenylethynylmagnesium bromide with
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
14
isolated was l-benzyl-3-cyano-6-phenylethynyl-l,6-dihydro- 
pyridine (32); 14, R = phenylethynyl). This material could 
not be distilled and recrystallization invariably resulted 
in some darkening.
The reaction of the Grignard reagent prepared from 
indole with 1-benzyl-3-cyanopyridinium bromide gave an oil 
from which no solid could be obtained. Attempted distilla­
tion resulted in pyrolysis and a pure material (33) was ob­
tained which was shown to contain a monosubstituted indole 
nucleus and a 3-cyanopyridine not substituted in the two- 
position. The molecular weight as determined from tne molecu­
lar ion in the mass spectrum did not allow any additional 
fragments in the molecule, thus restricting the possibilities 
to 3-cyano-4(or 6)-(2'(or 3 1)-indolyl)pyridine (33). The 
negative pine splinter test which is reported should not be
considered indicative since related tests are known to fail
31when nitrogen is present in the indole side chain.
The success of the reaction of Grignard and cadmium 
reagents with pyridinium ions prompted an attempt to extend 
the reaction to an organometallic which was more reactive and 
one which was less reactive.
The reaction of phenyllithium with l-benzyl-3-cyano- 
pyridinium bromide was extremely vigorous. The entire reac­
tion mixture became black, and chromatography failed to yield 
any fractions which were not black. At the other end of the 
spectrum of reactivity diphenylmercury was found not to under­
go reaction with l-benzyl-3-cyanopyridinium bromide even when 
heated to reflux in tetrahydrofuran.
The various reactions and non-reactions listed in this 
section, while of little immediate value, do provide some 
idea of the scope and the limitations to be found in these 
systems.
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Qualitative Comments on the Stability of Dihydropyri­
dines . All of the 3-cyano and 3-carbomethoxy substituted di­
hydropyridines reported in this thesis possessed excellent 
thermal stability as may be seen from some of the reported 
boiling points. Resistance to oxidation, as measured by the 
rate of darkening on exposure to air, was variable. The 1,2- 
and 1,6-dimethyl-3-cyanodihydropyridines, ( 9 ) and (23), darkened 
within a few minutes but, on the other hand, l-benzyl-3-cyano- 
6-phenyl-l,6-dihydropyridine (14) showed no darkening after 
more than two years exposure to air. The following orders of 
stability were observed: 1) the products of aryl organo-
metallics are more stable than those derived from alkyl organo- 
metallics with c)-tolyl slightly better than £-tolyl which is 
about the same as phenyl and with jt-butyl more stable than 
methyl; 2) 1,6-dihydropyridines are more stable than 1,2-di- 
hydropyridines; 3) the carbomethoxy derivatives are more stable 
than the cyano compounds by a small amount; 4) compounds with 
N-benzyl groups are much more stable than the corresponding 
N-methyl compounds.
The advantage of an aryl substituent (or a _t-butyl 
group) can easily be accounted for since these substituents 
eliminate the possibility of oxidation to the very stable 
materials containing an exocyclic double bond. The pronounced 
improvement in stability on changing the nitrogen substituent 
from methyl to benzyl has not been accounted for.
The Hydrogenation of Dihydropyridines. Seven dihydro­
pyridines which were prepared by the reaction of an organo­
metallic reagent with a pyridinium salt were hydrogenated in 
order to obtain derivatives which could be more easily charac­
terized than the dihydropyridines and to explore possible 
synthetic applications.
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The reduction of pyridinium salts related to nico­
tinic acid has been shown to give in most cases 1,4,5,6-
32tetrahydropyridines without reduction of the 3-substituent.
The hydrogenation of 3-cyano-l,6-dihydropyridines has
22 3been reported to give 3-cyano-l,4,5,6-tetrahydropyridines. ’
In agreement with these reported results the four 1,6-dihydro­
pyridines, 8^ _12, 26_, and 2J3, all reduced to the corresponding
1,4,5,6-tetrahydropyridines.
(_8) Y = CN; R = CH3 (34)
(12) Y = CN; R = £-tolyl (35)
(26) Y = C02CH3; R = CH3 (36)
(28) Y - C02CH3; R = phenyl (37)
In contrast to these findings 1-methyl-3-carbomethoxy-
1.6-dihydropyridine has been reported to undergo reduction to
34the corresponding piperidine.
Several attempts to reduce l-benzyl-3-cyano-6-phenyl-
1.6-dihydropyridine (14) under the same conditions (atmos­
pheric pressure at room temperature in methanol using plati­
num oxide as catalyst) gave complex mixtures from which no 
pure materials could be isolated.
The catalytic hydrogenation of 1,2-dihydropyridines 
substituted in the 3-position with an electron withdrawing 
group has not been reported although such compounds have been
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considered as possible intermediates in the reduction of
33
pyridinium salts. Three dihydropyridines were catalyti- 
cally reduced at one atmosphere and room temperature in 
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The reductions of 22_ and 2J_ were rationalized easily
by assuming that both compounds were reduced to 1,4,5,6-tetra-
hydropyridines and that the a, f3-unsaturated ester formed from
27 underwent further reduction. The formation of 3^8 from 9.
requires the rearrangement of a double bond, presumably on
the surface of the catalyst, and has been used in conjunction
with other evidence in support of the equilibration of di-
33hydropyridines on catalytic surfaces.
The Conversion of Dihydropyridines to Pyridinium Salts
by the Use of Triphenylmethyl Fluoborate (41). The oxidation
of N-substituted dihydropyridines to the corresponding pyri-
35dinium salts has been accomplished only in a few cases. 
Numerous attempts to apply such oxidizing agents as chloranil, 
iodine, nitric acid, mercuric acetate, N-bromosuccinimide, 
and others, to the dihydropyridines prepared in this work were 
unsuccessful.
Triphenylmethyl fluoborate (41) has been reported to
abstract hydride ion from amines to give, in some cases, im- 
36monium salts. This reaction has been applied by C. Ferrando
of this laboratory to the conversion of several l-methyl-4-
cyano-1,4-dihydropyridines substituted in the three position
37by electron withdrawing groups to the pyridinium salt.
The reaction of triphenylmethyl fluoborate (41) with 
the dihydropyridines (11), (13), and (28) was found to give 
the corresponding quaternary pyridinium salts.







BF, jQrN + 
CH.
BF,
(U) Y = CNj R = Ph (42)
(13) Y = CN; R = o-tolyl (43)
(28) Y = C02Me; R = Ph (44)
Severe limitations in preparative value are evident, 
however, since the reaction was observed to fail if the 
nitrogen substituent was a benzyl group, if a 5-methyl group 
was present, or if R = j>-tolyl. From the limited data it 
appears likely that these failures were the result of com­
petitive hydride abstraction among the available benzylic or 
allylic protons.
The Reaction of Phenylmagnesium Bromide with 1-Tri- 
phenylmethylpyridinium Fluoborate (45). The quaternary pyri­
dinium salt, (45), had been prepared in these laboratories as 
part of a continuing study of the reduction of pyridinium salts 
by sodium borohydride. Contrary to expectation, the major
O O
product of this reduction was the 1,2-dihydropyridine (46).
O NaBH, 4— > o
T + 3F4 f
CPh3 CPh3
(45) (46)
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Since it was also found that the dihydropyridine (46)
38decomposed to pyridine and triphenylmethane on heating , a 
brief exploration of the reaction of this salt with a Grignard 
reagent was made to determine if a new route to substituted 
pyridines could be developed.
The reaction of phenylmagnesium bromide with the salt 
(45) gave a yellow oil presumed to be the dihydropyridine (47) 




No 2-phenylpyridine was isolated from this reaction, 
although its possible formation cannot be unequivocally ex­
cluded on the basis of the evidence available. The completely 
different substitution pattern observed with borohydride and 
with the Grignard reagent can be rationalized if it is assumed 
that the complex of the Grignard reagent with solvent is much 
larger than the complex of borohydride ion with solvent, but 
there is no evidence to support such an assumption.
It should be noted that the thermal decomposition of 
dihydropyridines in the observed manner has a precedent since 
l-triphenylmethyl-2-phenyl-l,2-dihydropyridine formed by a
different route was reported to decompose to 2-phenylpyridine
13and triphenylmethane.
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Attempted Induction of Optical Activity in Dihydro­
pyridines by the Use of S-l-Methyl-2-pyrrolidinomethyTpyrro- 
lidine (49) as an Optically Active Solvent. Since most uses 
of dihydropyridines are related to the synthesis of natural 
products or their analogues which are usually biologically 
active in only one optical isomer, it appeared desirable to 
attempt the preparation of an optically active dihydropyridine. 
The absence of convenient handles which would permit the use 
of conventional resolution procedures left as the best alter­
native an attempt to induce optical activity by the use of 
an optically active solvent. Numerous optically active com­
pounds have been prepared by the use of a Grignard reagent
39which was complexed with an optically active ether.
The choice of S-l-methyl-2-pyrrolidinomethylpyrroli-
dine (49) was governed by a number of factors. The use of a
bifunctional ether was known to increase the degree of induc- 
39tion , and amines were known to form more tightly bound com-
40plexes with organomagnesium compounds. In addition it was
hoped that an amine with its readily available electron pair
would coordinate with the electron deficient pyridinium ion.
Since ethyl pyroglutamate (50) had been prepared and reduced
41to prolinol in these laboratories , thus providing complete 
experimental details, the route shown in Fig. 1 was particu­
larly attractive.
H0oCCHoCHo CHCO 0 H » R0oCCHoCHoCHC0oR 2 2 2 1 2
n h2
S-(+)-glutamic acid R = Me or Et
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(51) R = Me (5 2 )
(50) R = Et
0^0 — » Otf'!0
H I
CH0
(53) * ~  (49)
Fig. 1
The Synthesis of 
S-l-Methyl-2-pyrrolidinomethylpyrrolidine
In the preparation of ethyl pyroglutamate (50) an
interesting minor byproduct was encountered. This material,
^2 ^ . 3
54, has previously been prepared by lengthy routes ’ ,
but has not been reported as a byproduct of the formation of 
ethyl pyroglutamate (50).
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0  IN ^ CNHCHCH2CH2C02Et
H 0 C02Et
(54)
The preparation of the diamide (52) directly from
44diethylglutamate was reported with the reaction con­
ditions being given as four weeks at room temperature. Two 
attempts to shorten the time were tried. The first, con­
ducting the reaction under reflux, resulted in partial loss 
of optical activity and the isolation of some racemic 1 - 
pyroglutamoylpyrrolidine (55). The second method involved 
the preparation of methyl pyroglutamate (51) which was ex­
pected to be more reactive than the ethyl compound.
Although S-methyl pyroglutamate (51) has been re­
ported in the literature a large number of times the rotation
45 46is reported only twice. 5 Unfortunately the reported 
rotations at similar concentrations and in the same solvent 
differ not only in magnitude, but also in sign. As a con­
sequence of several checks of the rotation of the S-methyl 
pyroglutamate (51) prepared in these laboratories, it was dis­
covered that the sign of rotation of the neat material was 
opposite to that of aqueous solutions and that the specific 
rotation in aqueous solutions was highly dependent on the con­
centration. Details are given in the experimental section.
The use of methyl pyroglutamate (51) for the formation 
of the diamide (52) was discovered to be unnecessary since 
both esters react exothermically with pyrrolidine, and the
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reaction was complete in 16 hr in both cases.
Completion of the remaining two steps shown in Fig. 1 
provided S-l-methyl-2-pyrrolidinomethylpyrrolidine (49) in an 
overall yield of 35%.
Two attempts to induce optical activity in dihydro­
pyridines were made. l-Methyl-3-cyano-6-phenyl-l,6-dihydro- 
pyridine (11) and l-benzyl-3-cyano-6-£-tolyl-l,6 -dihydropyri­
dine (14) were prepared as described in the experimental 
section, but with slightly more than one equivalent of the 
diamine (49) added to both the Grignard reagent and to the 
quaternary pyridinium salt. In neither case was any optical 
activity observed in the product.
Conclusions. Alkyl and aryl Grignard and cadmium 
reagents react with nicotinonitrile and methyl nicotinate 
quaternary salts to form 1,2- and 1,6-dihydropyridines. The 
predominant and sometimes only product was the 1 ,6 -dihydro- 
pyridine. The reaction is sufficiently general to be of 
possible synthetic utility since dihydropyridines have found 
use as synthetic intermediates for the preparations of benzo- 
morphans and isoquinuclidines.
The catalytic reduction of 1,6-dihydropyridines was 
found to give 1,4,5,6-tetrahydropyridines in accordance with 
published observations, whereas 1 ,2 -dihydropyridines were 
found to give products dependent on the precise nature of the
1 ,2 -dihydropyridine.
Triphenylmethyl fluoborate (41) was found to be a 
satisfactory reagent for converting dihydropyridines to the 
corresponding pyridinium salts provided that groups bearing 
readily abstractable hydrogen were not present.




Melting Points. Melting points below 250° were deter­
mined using a Thomas-Hoover capillary melting point apparatus 
and are corrected. Melting points above 250° were determined 
using a "Mel-Temp" capillary melting point apparatus and are 
not corrected.
Infrared Absorption Spectra. All infrared spectra 
were obtained using a Perkin-Elmer Model 337 grating spectro­
photometer. The spectra of solids were determined as mulls 
between salt plates in Halocarbon Oil (Series 11-14)^ from 
4000 cm  ^to 1300 cm  ^and in mineral oil from 1300 cm  ^to 
600 cm The spectra of liquids were obtained as films be­
tween salt plates. The position of absorption bands is given 
in wave numbers (cm and intensities are strong except for 
those indicated as medium (m) and weak (w). Shoulders are in­
dicated (sh) .
Ultraviolet and Visible Absorption Spectra. The ultra­
violet and visible absorption spectra were determined using a 
Cary Model 15 recording spectrophotometer. Wavelengths are 
given in millimicrons (mp), and intensities are given as molecu­
lar extinction coefficients, (e) .
Nuclear Magnetic Resonance Spectra. Nuclear magnetic 
resonance (nmr) spectra were determined using a Varian Model 
A-60 nmr spectrometer. The chemical shifts are given in parts 
per million (ppm) relative to an internal tetramethylsilane 
(TMS) standard unless otherwise specified. Coupling constants 
(J) are given in cycles per second (cps), which are equivalent 
to Hertz.
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Optical Rotation Data. Optical rotations were deter­
mined using a Franz Schmidt and Haensch polarimeter with a 
sodium vapor lamp as the light source. The concentrations 
are stated in grams per 100 ml of solution. The reported 
values are the average of eight or more readings and the 
error limits indicated are one standard deviation ( + 1  ).
Gas Chromatography. Gas chromatographic analysis was 
used to check the purity of most of the compounds for which 
boiling points are recorded. Analyses were conducted using 
a Perkin-Elmer Model 154 vapor fractometer. Reported percen­
tages were calculated from peak areas and are not corrected 
for differences in thermal conductivity. Preparative gas 
chromatography was carried out using an Aerograph Autoprep 
Model A-700.
Microanalyses. Microanalyses were determined by Drs. 
Weiler and Strauss, Oxford, England (WS), and in these labora­
tories using an F & M Model 180 or Model 185 carbon, hydrogen, 
and nitrogen analyzer (FM).
Mass Spectra. Mass spectra were obtained on a Hitachi 
Perkin-Elmer RMU-6 E mass spectrometer at a nominal 80 electron 
volts.
General Procedures. The preparation of organometallic 
compounds and operations involving dihydropyridines were con­
ducted, for the most part, under an atmosphere of dry, oxygen- 
free, nitrogen gas.
Magnesium metal, "Turnings - For Grignard Reaction", 
were obtained from the Fisher Scientific Company, Fair Lawn,
N. J.
Dry tetrahydrofuran was prepared by distillation from 
calcium hydride and was stored over sodium.
Quaternary pyridinium salts, except those whose pre­
parations are given in detail, were samples available in these
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laboratories or were prepared according to well established 
procedures.
4 ,6-Pimethyl-3-cyano-2-pyridone (23) . The preparative 
procedure used was a slight modification of the method of 
Kametani and Sato.^
A mixture of 88.3 g (1.05 mole) of cyanoacetamide,
1 0 0 . 1  g (1 . 0 0  mole) of acetylacetone, and 5  ml of 3-hydroxy-
1-methylpiperidine as catalyst in 500 ml of 95% ethanol was 
heated under reflux for 1.3 hr. The mixture was cooled to 
about 15°. The precipitate was collected, washed with two 
100 ml portions of 95%, ethanol, and dried to give 104.8 g 
(71%) of 23 as cream white crystals, mp 292.5-294.5° ; lit.^ 
mp 285-286°.
The combined filtrate and washings afforded an addi­
tional 23.0 g (16%) of 23^  as light tan crystals, mp 291-294°.
Another run using twice the amount of starting com­
pounds but the same amount of catalyst gave an essentially 
identical yield.
2-Chloro-3-cyano-4,6 -dimethylpyridine (24). A mixture 
of 103.7 g (0.700 mole) of 3-cyano-4,6 -dimethyl-2-pyridone (23), 
64 ml (about 0.70 mole) of phosphorus oxychloride, and 182.0 g 
(0.875 mole) of phosphorus pentachloride in 450 ml of chloro- 
benzene was heated under reflux for 12 hr. The resulting black 
solution was stripped of all volatile materials under reduced 
pressure on a steam bath, and the solid residue was added with 
crushing to 800 ml of ice and water. Solid sodium bicarbonate 
was added until no further gas evolution occurred, and the solid 
was collected and dried to give 117.6 g of olive-tan solid, mp 
86-94°.
Recrystallization of the crude material from 95% ethanol 
with charcoal treatment provided 93.5 g (80%) of 24 as light
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pink cyrstals, mp 92-96.5°; lit.^ mp 98-98.5°.
The mother liquors provided an additional 8.9 g (8 %) 
of 24 as tan crystals, mp 86-92°.
The material described above was found to be satis­
factory for reduction without further purification.
3-Cyano-4,6-dimethylpyridine (25). A solution of
82.1 g (0.494 mole) of 2-chloro-3-cyano-4,6 -dimethylpyridine
(24) in 69.0 ml (0.494 mole) of triethylamine and 500 ml of 
methanol was hydrogenated at one atmosphere with magnetic 
stirring using 2.28 g of 5% palladium on powdered charcoal as 
catalyst. The absorption of hydrogen ceased after 7.5 hr when 
the theoretical amount had been taken up. The solution was 
filtered to remove the catalyst, and the methanol was evapo­
rated under reduced pressure to give a light yellow oil which 
was crystallized from 100 ml of hexane to give 43.2 g (6 6 %>)
of crude 23 as white crystals, mp 48-57°.
Recrystallization from 60 ml of hexane provided 39.3 g 
(60%) of Z5 as white crystals, mp 55.5-58°; lit.^ mp 56-56.5°.
NMR Spectrum (CDCl^): 2.53 (singlet, 3 protons); 2.61
(singlet, 3 protons); 7.23 (singlet, 1 proton); 8 . 6 8  (singlet,
1  proton).
1,4,6-Trimethyl-3-cyanopyridinium Iodide (21). A solu­
tion of 46.0 g (0.348 mole) of 3-cyano-4,6 -dimethylpyridine
(25) and 32.7 ml (about 0.525 mole) of methyl iodide in 75 ml 
of acetone in a tightly stoppered flask was allowed to stand 
for 40 hr. The precipitate which formed was collected, washed 
with 50 ml of acetone, and dried to give 68.3 g (72%) of 21^  as 
plates, mp 237-240° (dec.).
The volume of the filtrate was reduced to 100 ml and
20.0 ml (about 0.32 mole) of methyl iodide was added. After 
72 hr, the precipitate was collected, washed with acetone and
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dried to give an additional 25.2 g (26%) of 2 1  ^as white plates,
48
mp 238-241 dec.; lit. mp 235-240°.
NMR Spectrum (D2 O, external TMS) : 2.80 (singlet, 3
protons); 2.89 (singlet, 3 protons); 4.30 (singlet, 3 protons); 
8.10 (singlet, 1 proton); 9.28 (singlet, 1 proton).
3-Cyano-6-phenyl-2-pyridone (56). This compound was
prepared by a modification of the procedure reported for the
49preparation of 3-cyano-6-methyl-2-pyridone. Preformed 
sodium formylacetophenone was used.
A. Sodium formylacetophenone was prepared by the pro­
cedure of von Auwers and S c h m i d t . A  mixture of 60.0 g (0.500 
mole) of acetophenoneand 55.5 g (0.750 mole) of ethyl formate 
was added in 2  hr with stirring and occasional cooling to 1 1 . 5  
g (0.50 mole) of small chunks of sodium in 250 ml of dry ben­
zene. The resulting mixture was stirred at room temperature 
for 24 hr. The solid was collected, washed with two 50 ml 
portions of benzene and one 50 ml portion of dry ether, dried 
in vacuo, and sieved to removed a few small pieces of unreacted 
sodium. The product was 75.0 g (89%) of a pale yellow powder, 
mp 245 0 (dec.).
B. A solution of 37.0 g (0.438 mole) of cyanoacetamide 
in 2 2 0  ml of water and a solution of piperidine acetate, pre­
pared by neutralizing 4.4 ml of piperidine in 11 ml of water 
with acetic acid, were added to 74.0 g (0.438 mole) of sodium 
formylacetophenone. The clear red solution was heated under 
reflux for 1.5 hr and diluted with 100 ml of water. The aceto­
phenone was removed by steam distillation. The mixture was 
diluted with 1 0 0  ml of water, cooled, and made acidic by the 
addition of acetic acid. The solid was collected, washed with 
two 1 0 0  ml portions of water, and recrystallized in portions 
from a total of 9000 ml of a 1:1 mixture of benzene and metha­
nol to give 49.8 g (57%) of 56 as yellow needles, mp 295-298°;
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lit . 5 1  mp 292-293°.
The mother liquors afforded on evaporation a further
10.1 g (12%) of 56, mp 293-297°.
2-Chloro-3-cyano-6-phenylpyridine (57). A mixture of 
39.6 g (0.202 mole) of 3-cyano-6-phenyl-2-pyridone (56),
18.5 ml (0.202 mole) of phosphorus oxychloride, and 52.0 g 
(0.250 mole) of phosphorus pentachloride in 250 ml of chloro- 
benzene was heated under reflux for 32 hr. The volatile 
materials were removed by evaporation under reduced pressure 
on a steam bath, and 6 0 0  ml of a mixture of ice and water was 
added to the residue. The mixture was made basic by the 
addition of solid sodium bicarbonate with stirring. The solid 
was collected, washed with two 2 0 0  ml portions of water and 
dried to give 43.5 g of yellow solid. This solid was crystal­
lized in portions from ethyl acetate to give a total of 35.7 g 
of crude 57_ containing some 56^ , melting from 141° to greater 
than 200°. The crude 57_ was sublimed through a plug of glass 
wool at 0.01 mm from an oil bath maintained between 145° and 
155° to give 28.8 g (6 6 %) of 57 as a white solid, mp 146- 
148.5°.
The sample for analysis was recrystallized from ethyl 
acetate to give large white crystals, mp 147.5-148.5°.
Anal. Calcd. for C ^ H ^ C l :  C, 67.14; H, 3.29; N, 13.05.
Found (FM): C, 67.23; H, 3.30; N, 13.10.
IR Spectrum: 2230m, 1580, 1545m, 1450w, 1425m, 1358m,
1077w, 1070m, 779m, 736m, 700w, 6 8 8 m, 683sh.
NMR Spectrum (CF^COOH): 3.85-4.58 (multiplet, 6  protons);
4.87 (doublet, J = 8 , 1 proton).
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Attempted Preparation of 3-Cyano-6-phenylpyridine 
(58). A mixture of 28.8 g (0.134 mole) of 2-chloro-3-cyano- 
6 -phenylpyridine (57) and 1.0 g of 5% palladium on charcoal 
in 18.7 ml (0.134 mole) of triethylamine and 100 ml of metha­
nol was hydrogenated at room temperature and one atmosphere. 
The reaction was stopped after 9.5 hr at which time 132% of 
the theoretical volume of hydrogen had been absorbed. The 
mixture was filtered and the filtercake was washed with 2 0 0  
ml of methanol which dissolved all of the solid except the 
catalyst. The combined filtrate and washings were evaporated 
and the residue was covered with 75 ml of water and 250 ml of 
ether. Solid sodium carbonate was added with stirring until 
the aqueous layer was saturated. The ether layer was sepa­
rated, dried over potassium carbonate, and evaporated to give 
a light tan oil which partially solidified. Attempts to ob­
tain a pure material from this oil were not successful.
l-Benzyl-2-deuterio-3-cyanopyridinium Bromide (59).
A solution of 11.0 g (0.040 mole) of l-benzyl-3-cyanopyri- 
24dinium bromide and 0.05 g of potassium cyanide in 8.0 ml 
of deuterium oxide was heated on a steam bath for 1.5 hr. The 
resulting clear dark red solution was made acidic by the addi­
tion of a few drops of 48% aqueous hydrobromic acid, diluted 
with 10 ml of water, and washed with five 50 ml portions of 
chloroform and one 50 ml portion of ether. The aqueous solu­
tion was evaporated nearly to dryness under reduced pressure, 
and the residue crystallized from a mixture of 2 -propanol and 
acetone to give 7.5 g (6 8 %) of _59 as pale yellow crystals, mp
147.5-149.5°. The material so obtained showed a deuterium 
content of 79% at the two position as measured by nuclear
magnetic resonance. The undeuterated material is reported as
0 /
light tan crystals, mp 147.5-151° (dec).
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Additional exchanges with fresh deuterium oxide 
provided material with not less than 90% deuterium content 
in the two position. No exchange was observed in other 
positions.
l,6-Dimethyl-3-cyano-l,6-dihydropyridine (j3) and
l,2-Pimethyl-3-cyano-l,2-dihydropyridine ( _9 ). A solution
of the Grignard reagent prepared from 5.84 g (0.240 mole) of
magnesium and excess methyl bromide in a mixture of 150 ml of
tetrahydrofuran and 50 ml of ether was added dropwise in 3 hr
to a stirred suspension of 49.4 g (0.200 mole) of l-methyl-3-
22cyanopyridinium iodide in 300 ml of tetrahydrofuran with 
cooling in an ice-bath. The thick mixture was stirred for 1 
hr and allowed to warm to room temperature. The solid was 
collected and washed with benzene. The filtercake and the 
filtrate were hydrolyzed separately with large excesses of 
saturated aqueous ammonium chloride and the resulting solu­
tions were extracted with benzene and methylene chloride.
The extracts were dried over potassium carbonate and evapo­
rated to give 1 0 . 0  g and 8 . 6  g, respectively, of dark red oils 
which were mixtures of 8 . and 9_ in each case.
The crude material obtained from the filtercake was 
distilled through a short Vigreaux column to give in three 
fractions a total of 7.6 g of 92% pure . 8  , (26%), bp 119-126°
(1.25 mm), as a yellow liquid which darkened immediately on 
contact with air. The center cut of 1.4 g, bp 122-124° (1.25 
mm) , which was 98% pure J3 by vpc was used to obtain the 
data below. A small sample which was trap-to-trap distilled 
at 0.025 mm had a melting point of 29-31°. Satisfactory ana­
lytical results could not be obtained.
IR Spectrum: 3040w, 2965m, 2912m, 2800w, 2185, 1638,
1580, 1475w, 1435w, 1410m, 1362w, 1322, 1140m. For the
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complete spectrum of 8  ^ , see Fig. 2.
UV Spectrum (CH3 OH): 341.5 (5,300); 242.5 (8,020).
NMR Spectrum: See Fig. 15.
Distillation of the crude material obtained from the 
filtrate through a short Vigreaux column gave 3.8 g (14%) of 
87% pure 9  as a yellow air sensitive liquid, bp 130-139°
(9.5 mm). An attempt to prepare a pure sample by preparative 
gas chromatography (20T x 3/8" 20% Carbowax 20M on Chromosorb 
W, 180°) from material obtained in a similar experiment gave 
a small amount of with a purity of 91%. The two materials 
were shown to be identical from their vapor phase chroma­
tography retention times (1 m Carbowax 20M on Chromosorb W, 
150°) and from their infrared spectra. The data reported below 
are from the purer sample.
No attempt was made to obtain an elemental analysis 
since the material decomposed rapidly.
IR Spectrum: 2963m, 2915m, 2805w, 2185, 1825w, 1672m,
1620, 1580m, 1525, 1482m, 1445m, 1417m, 1375m, 1365m, 1315m, 
1287m, 1148m, 1032m, 725m. For the complete spectrum of 9_ , 
see Fig. 3.
UV Spectrum (95% ethanol): 397 (arbitrary concentration).
NMR Spectrum: See Fig. 16.
l-Benzyl-3-cyano-6-_t-butyl-l,6-dihydropyridine ( 10 ) .
A solution of the Grignard reagent prepared from 8.80 g 
(0.0950 mole) of t-butyl chloride and 2.43 g (0.100 mole) of 
magnesium in a mixture of 50 ml of ether and 70 ml of tetra­
hydrofuran was added in 1.5 hr to a stirred suspension of 24.7
2 A
g (0.0900 mole) of l-benzyl-3-cyanopyridinium bromide in 
200 ml of tetrahydrofuran cooled in an ice-bath. The light
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
34
yellow mixture was stirred at room temperature for 0 . 5  hr, 
then hydrolyzed by the consecutive addition of 25 ml of a 
saturated aqueous solution of ammonium chloride and 25 ml 
of water. The ether and tetrahydrofuran were removed from 
the mixture by evaporation under reduced pressure, and the 
residue was diluted with 100 ml of water. Extraction with 
a total of 300 ml of ether gave, after drying over potassium 
carbonate and treatment with charcoal, a yellow solution 
which darkened on standing. Evaporation gave a red oil which 
was distilled twice to give 4.0 g (18%) of 10 as a light 
yellow liquid, bp 159-160° (0.015 mm). This material was 
shown to be about 90% pure by vapor phase chromatography.
IR Spectrum: 3060w, 3025w, 2960m, 2900w, 2865m, 2190,
1667, 1632m, 1590, 1570sh, 1495w, 1475w, 1450m, 1410, 1395sh, 
1360m, 1310w, 1180m, 1120m, 782m, 730m, 705m.
NMR Spectrum: See Fig. 17.
From the trap cooled by dry ice in the first distil­
lation there was isolated 0.44 g (4.7%) of a white solid 
identified as 3-cyanopyridine by mixture melting point and by 
nmr.
l-Methyl-3-cyano-6-phenyl-l,6 -dihydropyridine (11).
The Grignard reagent prepared from 37.7 g (0.240 mole) of
bromobenzene and 5.59 g (0.230 mole) of magnesium in 180 ml
of tetrahydrofuran was added in 2.5 hr to a stirred suspension
22
of 49.4 g (0.200 mole) of l-methyl-3-cyanopyridinium iodide 
in 300 ml of tetrahydrofuran in an ice-bath. After stirring 
for 2  hr, the mixture was hydrolyzed by the slow addition of 
50 ml of a saturated aqueous solution of ammonium chloride. 
Most of the tetrahydrofuran was removed from the mixture by 
evaporation under reduced pressure and the mixture was
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diluted with 250 ml of water and extracted with a total of 
550 ml of ether. The combined ether extracts were washed 
with an equal volume of water, dried over potassium carbonate, 
treated with charcoal, and evaporated to give 33.4 g of red 
oil. The oil was distilled and the fraction boiling at 142- 
193° (0.05 to 0.1 mm) was redistilled through a short Vigreaux 
column to give 9.95 g (25%) of 11^  as a light yellow liquid, 
bp 182-186° (0.03 mm).
Anal. Calcd. for C^3H]_2N2: C ’ 79*56  ^ 6.16; N, 14.28.
Found (FM): C, 79.76; H, 5.96; N, 14.29.
IR Spectrum: 3050w, 3025w, 2910w, 2185, 1645, 1575,
1477w, 1452w, 1410m, 1327m, 1298m, 1138m, 830m, 764m, 700m.
For the complete spectrum of 11 see Fig. 4 .
UV Spectrum (CH3 0H): 352 (4,490); 250sh (7,100); 222
(17,100).
NMR Spectrum: See Fig. 18.
Mass Spectrum: See Fig. 49.
A similar reaction in which equimolar amounts of 
N,N,N',N'-tetramethylethylenediamine were added to the 
Grignard reagent and to the quaternary salt gave a 35% yield
of 11 . This material was converted into l-methyl-3-cyano-
6 -phenylpyridinium fluoborate (42).
l,5-Dimethyl-3-cyano-6-phenyl-l,6-dihydropyridine (20).
The Grignard reagent prepared from 17.3 g (0.110 mole) of
bromobenzene and 2.82 g (0 . 1 2 0  mole) of magnesium in 1 0 0  ml
of tetrahydrofuran was added in 1  hr to a stirred suspension
of 26.0 g (0 . 1 0 0  mole) of 1,5-dimethyl-3-cyanopyridinium 
4
iodide in 250 ml of tetrahydrofuran cooled in an ice-bath.
The thick yellow slurry was stirred at room temperature for
1.5 hr, then cooled in an ice-bath and hydrolyzed by the
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consecutive addition of 1 0 0  ml of a saturated aqueous solution 
of ammonium chloride and 100 ml of water. The tetrahydrofuran 
was removed from the mixture under reduced pressure, and the 
residue was extracted with 150 ml of methylene chloride and 
350 ml of ether in several portions. The extracts were washed 
with equal volumes of water, combined, and dried over potas­
sium carbonate. Treatment with charcoal followed by removal 
of the solvent and trituration of the solid residue with 1 0 0  ml 
of hexane gave 14.7 g (70%) of crude 20 as yellow-orange crys­
tals, mp 105-120°.
The crude solid was distilled twice to give 9.4 g (45%) 
of clear yellow liquid, bp 148-152°, which completely solidi­
fied on standing; mp 118-124.5° (open capillary); mp 120-124.5° 
(evacuated capillary).
AnaK Calcd. for C , 79.96; H, 6.71; N, 13.32.
Found (FM): C, 80.07; H, 6.63; N, 13.45.
IR Spectrum: 2950w, 2900w, 2880w, 2800w, 2180, 1650m,
1590, 1480w, 1445m, 1410w, 1360w, 1325m, 1150m, 770, 705, 648m. 
For the complete spectrum of 2Q see Fig. 5.
UV Spectrum (CH3 0H): 353 (4,890); 251 (7,050); 220sh
(18,300).
NMR Spectrum: See Fig. 19.
Mass Spectrum: See Fig. 50.
l-Methyl-3 -cyano-6 -]3 -tolyl-l,6 -dihydropyridine (12) .
The Grignard reagent prepared from 41.1 g (0.240 mole) of p- 
bromotoluene and 5.59 g (0.230 mole) of magnesium in 180 ml 
of tetrahydrofuran was added in 1  hr to a stirred suspension 
of 49.4 g (0.200 mole) of l-methyl-3-cyanopyridinium iodide^ 
in 300 ml of tetrahydrofuran which was cooled in an ice-bath. 
The resulting slurry was stirred at room temperature for 2 hr,
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and then was hydrolyzed by the addition of 1 0 0  ml of a satu­
rated aqueous solution of ammonium chloride and 1 0 0  ml of 
water. The tetrahydrofuran was removed under reduced pressure 
and the residue was extracted with 300 ml of methylene chlo­
ride. The organic layer was washed with 150 ml of water, 
dried over potassium carbonate, and evaporated to leave a red 
oil which on dilution with 200 ml of hexane gave 39.5 g (94%) 
of crude JL2 as a yellow solid, mp 85-93°.
Two distillations of the crude material gave 16.9 g 
(40%) of 12^  as a yellow liquid, bp 160-162 (0.03 mm) which 
slowly solidified on standing. The material darkens on con­
tact with air.
Anal. Calcd. for 79.96; H, 6.71.
Found (WS): C, 79.97; H, 6.70.
IR Spectrum: 3040w, 2935w, 2910w, 2800w, 2185, 1640,
1580, 1505w, 1475w, 1410m, 1325m, 1300m, 1290m, 1173m, 1140m, 
1090m, 820, 780m. For the complete spectrum of ]J2 see Fig. 6 .
NMR Spectrum: See Fig. 20.
Although the analytical sample was best obtained by 
distillation, several attempts were made to obtain 1 2  with a 
consistent melting point by chromatography on alumina or on 
Florisil followed by crystallization. The best sample was ob­
tained from a mixture of ethanol and 2 -propanol as very small 
yellow crystals, mp 93-97.5°.
1-Methyl-3-cyano-6 -o-tolyl-l,6 -dihydropyridine (13 ).
The Grignard reagent prepared from 37.6 g (0.220 mole) of o-
bromotoluene and 5.59 g (0.230 mole) of magnesium in 200 ml
of tetrahydrofuran was added in 1.5 hr to a stirred suspension
22
of 49.4 g (0.200 mole) of l-methyl-3-cyanopyridinium iodide
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in 2 0 0  ml of tetrahydrofuran which was cooled in an ice-bath. 
The thick yellow mixture was stirred at room temperature for 
1  hr, cooled in an ice-bath, and hydrolyzed by the addition 
of 1 0 0  ml of a saturated aqueous solution of ammonium chlo­
ride and 100 ml of water. The tetrahydrofuran was removed 
under reduced pressure, and the residue was extracted with 
300 ml of methylene chloride. The methylene chloride layer 
was washed with 1 0 0  ml of water, dried over potassium carbo­
nate, and concentrated by evaporation of the solvent. The 
residue was washed with 2 0 0  ml of hexane and dried to give 
21.3 g (51%) of crude 13 as a mustard yellow powder, mp 124- 
145°.
Recrystallization from ethanol and then from methanol 
gave 14.2 g (34%) of 13_ as light yellow crystals, mp 148- 
150.5° (open capillary); mp 149-150.5° (evacuated capillary).
Anal. Calcd. for C 1 4 H 1 4 N2: C, 79.96; H, 6.71; N, 13.32.
Found (FM): C, 79.91; H, 6 .6 6 ; N, 13.50.
IR Spectrum; 3040w, 2920w, 2180, 1640, 1580, 1460w, 
1415m, 1330m, 1295, 1140, 763. For the complete spectrum of 
13 see Fig. 7.
NMR Spectrum: See Fig. 21.
Mass Spectrum: See Fig. 51.
1,4,6-Trimethyl-2-phenyl-3-cyano-l,2-dihydropyridine 
(22). The Grignard reagent prepared from 18.8 g (0.120 mole) 
of bromobenzene and 3.16 g (0.130 mole) of magnesium in 100 ml 
of tetrahydrofuran was added in 2  hr to a stirred and cooled 
suspension of 27.4 g of 1,4,6-trimethyl-3-cyanopyridinium 
iodide (21) in 200 ml of tetrahydrofuran. The resulting mix­
ture was stirred at room temperature for 0.5 hr and then was 
hydrolyzed by the addition of 30 ml of a saturated aqueous 
solution of ammonium chloride and 30 ml of water. The tetra-
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hydrofuran was removed under reduced pressure and the residue 
was diluted with 100 ml of water. The aqueous solution was 
extracted with a total of 250 ml of ether. The combined ether 
extracts were washed with 50 ml of water and dried over potas­
sium carbonate, and the ether was removed to give a viscous 
brown oil which on distillation provided 11.5 g (51%) of crude 
22 as a viscous yellow-brown oil, bp 140-145° ( 0 . 0 2  mm).
Distillation of the crude material through a short 
Vigreaux column gave 5.35 g (24%) of pure 22 as a deep yellow 
oil, bp 133-134° (0.02 mm). An additional 2.60 g (12?0) of 
slightly less pure 22 was obtained, bp 134-136° (0.02 mm).
Anal. Calcd. for C^5 H^6 N 2 : c > SO.32; H, 7.19; N, 12.49.
Found (FM): C, 80.39; H, 7.18; N, 12.56.
IR Spectrum: 3060w, 3025w, 2950w, 2915w, 28l0w, 2180,
I653w, 1615m, 1525, 1430m, 1413, 1475w, 1350w, 1278m, 1022m, 
700m. For the complete spectrum of 22 see Fig. 8.
UV Spectrum (CH-jOH): 404 (7,520).
NMR Spectrum (CDCl^): 1.90 (singlet, 6 protons); 2.79
(singlet, 3 protons); 4.61 (singlet, 1 proton); 5.01 (sing­
let, 1 proton); 7.31 (singlet, 5 protons).
l-Benzyl-3-cyano-6-phenyl-l,6-dihydropyridine ( 14 ).
The Grignard reagent prepared from 37.7 g (0.240 mole) of
bromobenzene and 5.6 g (0.23 mole) of magnesium in 200 ml of
tetrahydrofuran was added in 1.2 hr with wtirring to 55.0 g
24
(0.200 mole) of l-benzyl-3-cyanopyridinium bromide in 100 ml 
of tetrahydrofuran cooled in an ice-bath. The solution was 
stirred for 2 hr and allowed to stand overnight. The solid 
was removed by filtration and the tetrahydrofuran was removed 
by evaporation under reduced pressure. To the residue was 
added 100 ml of a saturated aqueous solution of ammonium
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chloride. The resulting mixture was extracted with 250 ml 
of benzene. The benzene solution was washed with 200 ml of 
water, dried over potassium carbonate, treated with charcoal, 
filtered, and concentrated by evaporation under reduced pres­
sure. Two crystallizations from methanol gave 25.1 g (46%)
°f lit as yellow crystals, mp 142-145.5°. Identical material
4
was obtained when l-benzyl-3-cyanopyridinium chloride was sub­
stituted for the bromide.
A sample of the dihydropyridine was further purified 
by chromatography on Florisil using methylene chloride as 
eluent followed by crystallization from methanol (65% recovery) 
to give pure 14 as yellow crystals, mp 144.5-146°.
Anal. Calcd. for C19H16N2: C, 83.78; H, 5.92.
Found (WS): C, 83.78; H, 5.77.
IR Spectrum: 3040w, 3027w, 2920w, 2190, 1670w, 1640,
1600w, 1585sh, 1575, 1495m, 1455m, 1440, 1355m, 1345m, 1300m, 
1247m, 1210, 1188m, 1122m, 933m, 837m, 770, 742sh, 734, 707, 
697m. For the complete spectrum of 14 see Fig. 9.
UV Spectrum (CH-jOH) : 353 (5,450); 252sh (6,670); 225sh
(16,900) .
NMR Spectrum: See Fig. 22.
Mass Spectrum: See Fig. 52.
l-Benzyl-3-cyano-6-phenyl-l,6-dihydropyridine (14).
To the Grignard reagent prepared from 4.2 g (0.027 mole) of 
bromobenzene and 0.61 g (0.025 mole) of magnesiums in 20 ml 
of tetrahydrofuran was added 2.45 g (0.0134 mole) of dry cad­
mium chloride and 5 ml of tetrahydrofuran. The mixture was 
stirred for 3 hr and then added in 2.5 hr to a stirred sus­
pension of 5.5 g (0.020 mole) of l-benzyl-3-cyanopyridinium 
24
bromide in 20 ml of ether. After completion of the addition 
the reaction mixture was stirred for 0.5 hr, warmed briefly,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
41
and then diluted with 50 ml of ether.
The solids were removed by filtration. Evaporation of 
the ether gave a sticky yellow solid which was crystallized 
from methanol-water to give 1.4 g . (26%) of 14 as yellow crys­
tals, mp 140-145°.
A mixture melting point of this material with that 
obtained by use of the Grignard reagent was not depressed.
Attempted Preparation of l-Benzyl-3-cyano-6-phenyl-
1,6-dihydropyridine (14) Using Diphenylmercury. a mixture 
of 3.55 g (0.0200 mole) of diphenylmercury and 5.50 g (0.0100 
mole) of l-benzyl-3-cyanopyridinium bromide in 50 ml of tetra­
hydrofuran was stirred at room temperature for 24 hr and then 
was heated under reflux with stirring for 24 hr. The typical 
bright yellow color of 14 was not evident. The reaction 
mixture was filtered to remove the solids, and the filtrate 
was evaporated to leave a negligible amount of brown residue. 
The white solids were not further investigated.
l-Benzyl-2-deuterio-3-cyano-6-phenyl-1,6-dihydropyri- 
dine (10.). The Grignard reagent prepared from 4.16 g (0.026 
mole) of bromobenzene and 0.62 g (0.025 mole) of magnesium in 
25 ml of tetrahydrofuran was added in 1 hr to a stirred sus­
pension of 7.7 g (0.021 mole) of l-benzyl-2-deuterio-3-cyano- 
pyridinium bromide (59) in 35 ml of tetrahydrofuran in an 
ice-bath. The mixture was allowed to stand for several hours. 
It was then hydrolyzed by the addition of 25 ml of a saturated 
aqueous solution of ammonium chloride and extracted with two 
100 ml portions of ether. The combined ether extracts were 
dried over potassium carbonate and evaporated to give a crude 
solid which on crystallization from methanol gave 3.0 g (52%) 
of JL6 , mp 142-147°.
Further purification by chromatography on Florisil
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using methylene chloride as eluent followed by crystallization 
from methanol gave 2.7 g (47%) of 16_ as light yellow crystals, 
mp 144-146°.
NMR Spectrum: See Fig. 23.
Mass Spectrum; See Fig. 53.
l-Benzyl-3-cyano-6-_g-tolyl-l,6-dihydropyridine ( 15_ ) . 
The Grignard reagent prepared from 39.3 g (0.23 mole) of p- 
bromotoluene and 5.34 g (0.22 mole) of magnesium in 200 ml 
of tetrahydrofuran was added in 1.5 hr to a stirred suspen­
sion of 55.0 g (0.20 mole) of l-benzyl-3-cyano-pyridinium 
24
bromide in 200 ml of tetrahydrofuran in an ice-bath. Most 
of the tetrahydrofuran was removed under reduced pressure and 
to the resulting mixture 50 ml of a saturated aqueous solu­
tion of ammonium chloride, 400 ml of ether, and 100 ml of 
water were added. The layers were separated and the aqueous 
layer was extracted with 100 ml of ether. The combined ether 
extracts were dried over potassium carbonate. After removal 
of the ether, the residue was crystallized from 75 ml of 1:1 
methanol-hexane to give 28.8 g (50%) of crude _15 as small yel­
low crystals, mp 89.5-98°. Two further recrystallizations 
from methanol gave 23.8 g (42%), mp 96.5-98°.
A sample of L5 was further purified by chromatography 
on Florisil using ether as eluent followed by crystallization 
from ether to give pure 15 as large light yellow rhombs, mp
97.5-99°.
Anal. Calcd. for C20Hl8N2: C, 83.88; H, 6.33; N, 9.78.
Found (FM): C, 84.15; H, 6.18; N, 9.67.
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IR Spectrum: 3040w, 3015w, 2920w, 2850w, 2185, 1675w,
1645, I600w, 1585sh, 1575, 1505w, 1490w, 1450w, 1432, 1358m, 
1342m, 1335m, 1210, 1173m, 933m, 822m, 812m, 742m, 734m, 697m. 
For the complete spectrum of 15 see Fig. 10.
UV Spectrum (CH30H): 352 (5,580); 232 (17,300).
NMR Spectrum: See Fig. 24.
Mass Spectrum: See Fig. 54.
Byproduct from the Formation of 15 . The filtrate
from the first crystallization of 15 was evaporated to dry­
ness and the residue distilled to give a total of 6.0 g of 
distillate, bp 170° at 16.5 mm to 275° at 0.9 mm. Redistil­
lation gave 2.5 g of pale yellow liquid which partially so­
lidified, bp 119-125 (0.02 mm). This material was dissolved 
in ether and converted to the hydrobromide salt by bubbling 
in hydrogen bromide gas until no further precipitate formed.
The solid was recrystallized twice from methanol to 
give 0.71 g (1.3%) of pink-tinged, white crystals tentatively 
assigned the structure of the hydrobromide of 3-cyano-4-p- 
tolylpyridine (18 ), mp 274-278° (begins to sublime about 230°).
Anal. Calcd. for C ^ H ^ ^ B r :  C, 56.74; H, 4.03.
Found (VIS): C, 56.76; H, 3.89.
IR Spectrum: 3100w, 3055w, 2985m, 2925w, 2900w, 2500
(broad), 2050w, 1950w, 1630, 1610m, 1590, 1475, 1330w, 1195m, 
1150m, 815, 755.
NMR Spectrum: See Fig. 25.
A small sample of 18_ was converted to the free base,
19 , by treatment with sodium carbonate and crystallized
from a 2-propanol-water mixture to give long white needles, 
mp 80.5-81.5°.
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NMR Spectrum: See Fig. 26
l-Benzyl-3-cyano-6-phenylethynyl-l,6-dihydropyridine 
( 32 ). a  solution of phenylethynylmagnesium bromide was pre­
pared by adding 1.32 ml (0.012 mole) of phenylacetylene to 
the Grignard reagent prepared from 0.29 g (0.012 mole) of 
magnesium and excess ethyl bromide in 15 ml of tetrahydrofuran. 
The solution was added dropwise in 1.7 hr to a stirred sus­
pension of 2.75 g (0.010 mole) of l-benzyl-3-cyanopyridinium 
24
bromide in 20 ml of tetrahydrofuran. The resulting clear 
red solution was allowed to stand for 0.2 hr and then was 
poured into 100 ml of ether. The ether solution was washed 
with three 25 ml portions of water, dried over potassium car­
bonate, treated with charcoal, and evaporated under reduced 
pressure to give a yellow to brown oil. The oil was tritu­
rated with three 50 ml portions of petroleum ether and crys­
tallized from 15 ml of ether to give 0.5 g (17%) of _32 as 
brown-tinged yellow crystals, mp 116-118.5 (dec).
A small sample of material was further purified by 
chromatography on Florisil using methylene chloride-ether 
mixtures as eluent. Crystallization from a methanol water 
mixture gave 32^  as air sensitive brown-tinged yellow crystals, 
mp 117.5-120°.
Anal. Calcd. for ^21H16^2: ®^.10; H, 5.44; N, 9.45.
Found (FM): C, 83.6; H, 5.44; N, 8.15. The equipment used
to obtain this analysis was known to be malfunctioning at the 
time of the analysis and consistent results were not obtained.
IR Spectrum: 3055w, 3030w, 2915w, 2890w, 2860w, 2190, 
1635, 1565, 1490m, 1445m, 1420, 1400sh, 1355m, 1298m, 1280m, 
1192, 1165m, 1102m, 1002m, 983m, 897in, 770m, 762, 757, 704, 693.
NMR Spectrum: See Fig. 27.
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Presumed 1-(2,6-Dichlorobenzyl)-3-cyano-6-(1,1-dicar- 
bethoxypropy 1)-1,6-dihydropyridine (31). Diethyl ethylmalo- 
nate, 1.87 ml (about 0.010 mole), was added dropwise to a 
stirred suspension of 0.50 g (0.010 mole) of a 49.7% disper­
sion of sodium hydride in mineral oil in 20 ml of tetrahydro­
furan. The resulting solution was added dropwise in 1 hr to 
a stirred suspension of 3.0 g (0.010 mole) of l-(2,6-dichloro- 
benzyl)-3-cyanopyridinium chloride in 20 ml of tetrahydro­
furan. The mixture was stirred for an additional 0.5 hr 
and filtered. The solvent was removed under reduced pressure 
to give a brown oil. The oil was dissolved in 50 ml of ether, 
and the solution was treated with charcoal. The ether was 
removed by evaporation to leave a yellow oil which partially 
solidified. Trituration with two 50 ml portions of petroleum 
ether followed by crystallization from a benzene-petroleum 
ether mixture gave 0.8 g (18%) of crude 31_ as a yellow powder, 
mp 117-122° (dec).
IR Spectrum: 2970w, 2190m, 1725, 1670m, 1585, 1435w,
1415m, 1225m, 1118w, 1095w, 1035m, 795m. (This spectrum was 
obtained using a Perkin-Elmer Model 137B prism spectropho­
tometer. )
UV Spectrum (CH^OH): 363, 310, 242sh. The intensities
at an arbitrary concentration were in the ratio of 1.0:2.1:1.9.
NMR Spectrum: See Fig. 28.
A 0.6 sample of crude 3_1 was crystallized twice from
2-propanol (decomposition was evident in warm solvent) to give 
0.25 g of tan crystals, mp 125-130. Of this material 0.20 g 
was dissolved in 10 ml of ether and the solution was cooled to 
-70°. The precipitate which formed was collected by filtration 
under a nitrogen atmosphere to give, after drying, 0.17 g of 
31 as a slightly tan powder, mp 130.5-132.5°. The nmr spectrum
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of this material is identical to that of the crude material.
Anal. Calcd. for C22H24N2°4: C’ 58>54; H > 5*36' N ’ 6-21-
Found (WS): C, 58.28; H, 4.72; N, 6.25.
3-Cyano-4(or 6)-(2t(or 3 1)-indolyl)pyridine (33). 
Freshly distilled indole, 6.42 g (0.055 mole) in 35 ml of 
tetrahydrofuran was added dropwise to the Grignard reagent 
prepared from 1.34 g (0.055 mole) of magnesium and 4.5 ml 
(0.060 mole) of ethyl bromide in 50 ml of tetrahydrofuran.
After the evolution of gas had ceased the solution was heated 
under reflux for five minutes. The clear yellow solution was 
added dropwise in 0.5 hr to a stirred suspension of 13.75 g 
(0.0500 mole) of l-benzyl-3-cyanopyridinium bromide in 100 ml 
of tetrahydrofuran which was cooled in an ice-bath. The 
resulting clear orange solution was stirred at room tempera­
ture for 0.5 hr and then was hydrolyzed by the addition of 
50 ml of a saturated aqueous solution of ammonium chloride.
The tetrahydrofuran was removed under reduced pressure, and 
the residue was diluted with 300 ml of water and extracted 
with two 100 ml portions of ether.
The combined ether extracts were dried over potassium 
carbonate, treated with charcoal, and evaporated to give 13.4 
g of clear orange oil. All attempts to obtain a solid material 
from this oil failed.
The recovered viscous yellow oil, 11.4 g, from attempted 
purification by chromatography was distilled. The 1.6 g of 
yellow-brown material collected between 242° and 290° at 0.05 mm 
partially solidified on standing and was crystallized from 10 ml 
of methanol to give 0.64 g (5.8%) of crude .33 as small yellow 
crystals, mp 195-200°.
Recrystallization of the crude 33 from methanol gave 
a pure sample of 33 as small yellow needles, mp 201-203°.
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Anal. Calcd. for C^H^N^: C, 76 .70; H, 4.14; N, 19.17.
Found (FM): C, 76.56; H, 4.27; N, 19.26.
IR Spectrum: 3350m (occurs at 3460 in CHCl^), 2225m,
1590, 1525m, 1480w, 1460m, 1425, 1402m, 1330m.
UV Spectrum (95% ethanol): 347 (10,900); 305sh (5,620);
274 (7,990); 254 (10,400); 218 (34,800).
NMR Spectrum (CF^COOH, external TMS): 6.82-7.23 (multi-
plet, 3 protons); 7.33-7.62 (multiplet, 1 proton); 7.92 
(doublet, J = 7, 1 proton); 8.08-8.23 (multiplet, 2 protons); 
8.45 (singlet, 1 proton); 9.85 (broad doublet, J = 2, 1 pro­
ton) .
52This material gives a negative pine splinter test.
Mass Spectrum: Molecular ion at m/e 219.
1,2-Dimethyl-3-carbomethoxy-l,2-dihydropyridine (27) 
and l,6-Dimethyl-3-carbomethoxy-l,6-dihydropyridine (26).
The Grignard reagent prepared from 11.63 g (0.480 mole) of 
magnesium and excess methyl bromide in 500 ml of tetrahydro­
furan was converted to the cadmium reagent by the addition of
87.8 g (0.480 mole) of dry cadmium chloride and 150 ml of tetra­
hydrofuran and heating the mixture under reflux for 1 hr. To 
the stirred cadmium reagent cooled by an ice-bath was added
92.8 g (0.400 mole) of l-methyl-3-carbomethoxypyridinium bro- 
23mide all at once. The mixture was stirred with cooling for 1 
hr and then at room temperature for 16 hr. Hydrolysis was 
accomplished by the addition of 200 ml of a saturated aqueous 
solution of ammonium chloride and 600 ml of water. A small 
amount of solid was removed by filtration and washed with 100 
ml of methylene chloride. The combined filtrate and washings 
were diluted with 200 ml of water and extracted with a total of 
1700 ml of methylene chloride. The organic layer was washed 
with 200 ml of water and dried over potassium carbonate. The
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solvent was removed by evaporation under reduced pressure to 
give 32.8 g of a red liquid containing, according to vpc, 
approximately equal amounts of 26_ and as the major com­
ponents .
Distillation of the crude mixture using a 3-in. 
Vigreaux column gave 6.8 g (10%) of 27_ as a yellow liquid 
(96% 27 by vpc), bp 126-138° (9 mm), and 17.3 g (26%) of 
26 as a yellow liquid (92% 26 by vpc), bp 140-149° (9 mm).
Redistillation of 27_ through a short Vigreaux column 
gave 3.6 g of pure 2^ as a yellow air-sensitive liquid, bp 
115-116.5°.
Anal. Calcd. for C^H^NC^: C, 64.65; H, 7.84; N, 8.48.
Found (FM): C, 64.66; H, 7.62; N, 8.74.
IR Spectrum: 2950m, 1685, 1620m, 1585w, 1525, 1480w,
1430m, 1415w, 1380m, 1355w, 1320w, 1250, 1190, 1160m, 1107m, 
1065m, 720m.
UV Spectrum (CH30H): 416 (8,330).
NMR Spectrum: See Fig. 29.
Redistillation of 2(5 through a short Vigreaux column 
gave an 11.5 g sample of 2(5, bp 140.5-142, as a yellow, air- 
sensitive material with a purity of about 92% (estimated from 
the nmr since variable results arising from pyrolysis were 
obtained by vpc) . The impurity is not 27^ , but has not been 
otherwise characterized. The sample submitted for analysis 
was redistilled immediately before the analysis.
Anal. Calcd. for C^H^NC^: C, 64.65; H, 7.84; N, 8.38.
Found (FM): C, 64.46; H, 7.96; N, 8.29.
IR Spectrum: 3050w, 2970w, 2950w, 2925w, 1680, 1640,
1575, 1535m, 1508m, 1460w, 1305, 1285, 1172, 1160, 1090, 
1058m, 722m.
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UV Spectrum (CHgOH): approx. 345sh (5,830); 324 (6,720);
271sh (8,020); 263 (10,000); 257sh (9,000).
NMR Spectrum: See Fig. 30.
l-Methyl-3-carbomethoxy-6-phenyl-l,6-dihydropyridine 
(28). To the Grignard reagent prepared from 18.82 g (0.120 
mole) of bromobenzene and 2.92 g (0.120 mole) of magnesium in 
150 ml of tetrahydrofuran was added in portions 22.0 g (0.120 
mole) of dry cadmium chloride and 50 ml of tetrahydrofuran.
The resulting mixture was stirred at room temperature for 1 
hr and then heated under reflux for 0.7 hr. The cadmium rea­
gent was cooled to room temperature and, with stirring, 23.2 g
23(0.100 mole) of l-methyl-3-carbomethoxypyridinium bromide 
was added all at once. The resulting bright yellow slurry was 
stirred for 12 hr, cooled in an ice-bath, and hydrolyzed by 
the addition of 50 ml of a saturated aqueous solution of ammo­
nium chloride and 150 ml of water. After filtration to remove 
a small amount of sludge the tetrahydrofuran was removed under 
reduced pressure. The residue was extracted four times with 
100 ml portions of ether. The combined ether extracts were 
washed with water, dried over potassium carbonate, and treated 
with charcoal. The ether was removed to leave an orange oil 
which solidified. Two recrystallizations of the solid from 
methanol gave 10.4 g (45%) of 28^  as light yellow crystals,
mp 101-106°.
A sample of 28 chromatographed on a Florisil column 
using methylene chloride as eluent and crystallized from metha­
nol showed no improvement in the melting point. The 28 was 
obtained as light yellow crystals, mp 100.5-106° (open capil­
lary); mp 101.5-106.5° (evacuated capillary).
A small sample of 28 was sublimed at 0.02 mm to give 
28 as a yellow powder, mp 100.5-103° (open capillary); mp 102- 
104° (evacuated capillary).
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The sample on which all data was collected was that 
obtained from chromatography followed by crystallization.
Thin layer chromatography on silica gel (Eastman "Chromagram" 
sheet 6060) gave no evidence for the presence of impurities.
Anal. Calcd. for c^4 Hi5 N02 : c> 73.34; H, 6.59; N, 6.11.
Found (FM): C, 73.64; H, 6.80; N, 6.22.
IR Spectrum: 3040w, 2950w, 2820w, 1670, 1630, 1565,
1485w, 1440w, 1420m, 1350w, 1320, 1285, 1172, 1155, 1075,
775m, 768sh, 730m, 702m. For the complete spectrum of 28, 
see Fig. 11
NMR Spectrum: See Fig. 31.
Mass Spectrum: See Fig. 55
Mixture of l-Benzyl-3-carbomethoxy-6-phenyl-l,6-di-
hydropyridine (30) and l-Benzyl-2-phenyl-3-carbomethoxy-l,2-
dihydropyridine (29). To the Grignard reagent prepared from
9.89 g (0.0630 mole) of bromobenzene and 1.46 g (0.0600 mole)
of magnesium in 60 ml of tetrahydrofuran was added 11.0 g
(0.060 mole) of dry cadmium chloride under nitrogen. The
mixture was stirred for one hour and heated under reflux
briefly. The cadmium reagent was added in portions to a
stirred suspension of 15.4 g (0.050 mole) of 1-benzyl-3 -
53carbomethoxypyridinium bromide in 100 ml of tetrahydrofuran 
cooled by an ice-bath. The resulting yellow mixture was
stirred at room temperature for 5 hr, and then was hydrolyzed 
by the addition of 50 ml of a saturated aqueous solution of 
ammonium chloride. The tetrahydrofuran was removed under re­
duced pressure, and the residue was extracted with a total of 
350 ml of ether. The ether extracts were washed with equal 
volumes of water, combined, and dried over potassium carbo­
nate. The ether was removed to give a viscous cloudy orange 
oil. Attempts to crystallize this material were not successful.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
51
Distillation provided 6.2 g of viscous yellow oil, bp 210-245° 
(0.06-1.0 mm), which was shown to consist of at least three 
components by thin layer chromatography on silica gel (Eastman 
"Chromagram" sheet 6060).
Chromatography on a 2 x 46 cm column of neutral alumina 
using benzene as eluent gave a broad yellow band which was col­
lected and evaporated to give a viscous yellow oil. Distilla­
tion of the oil provided 1.4 g (9%) of a mixture of 29_ and 3C) 
as a viscous yellow oil, bp 198-202° (0.03 mm).
Anal. Calcd. for C2oH19N02: C} 7^.66; S . 27; N, 4.59.
Found (FM) : C, 78.66; H, 6.45; N, 4.69.
The integration of the nmr spectrum indicates that the 
mixture consists of 79% of 30 and 21% of 29.
UV Spectrum (CEjOH): 427 (0.054); 353 (0.466); 267.5 
(0.792). The stated intensities are the observed absorbance 
at an undetermined concentration.
NMR Spectrum: See Fig. 32.
l,2-Dimethyl-3-cyano-l,4,5,6-tetrahydropyridine (38 ).
A 3.8 g sample of 88% pure l,2-dimethyl-3-cyano-l,2-dihydro- 
pyridine ( 9 ) (0.024 mole) in 100 ml of methanol was hydro­
genated at room temperature and one atmosphere using 0.4 g of 
platinum oxide as catalyst. The hydrogenation was stopped 
after 5.5 hr when gas absorption had nearly ceased. The cata­
lyst was removed by filtration and the solution made acidic 
with concentrated aqueous hydrochloric acid. The solvent was 
removed and the residue was dissolved in 30 ml of water. The 
aqueous solution was washed with two 50 ml portions of ether, 
made basic by the addition of solid potassium carbonate, and 
extracted with four 50 ml portions of ether. The combined 
ether extracts were dried with potassium carbonate and
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evaporated to give 2.7 g of yellow liquid consisting princi­
pally of one component. Distillation of the crude material 
provided a small sample of the material which was 89% pure 
38 , bp 152-153? (9.5 mm) .
IR Spectrum: 2925m, 2845m, 2172, 1625sh, 1590, 1485w,
1435m, 1410m, 1380w, 1360m, 1320m, 1210m.
UV Spectrum (CH^OH): 279.5 (arbitrary concentration).
NMR Spectrum: See Fig. 33.
1,6-Dimethyl-3-cyano-1,4,5,6-tetrahydropyridine ( 34 ). 
A 6.5 g sample of 91% pure l,6-dimethyl-3-cyano-l,6-dihydro- 
pyridine ( 8^ ) (0.043 mole) in 100 ml of methanol was hydro­
genated at room temperature and one atmosphere for 11.3 hr 
using 0.6 g of platinum oxide as catalyst. The catalyst was 
removed by filtration and the solvent was removed by evapora­
tion under reduced pressure to give 5.3 g of brown oil. Two
distillations afforded 1.8 g (31%) of 99% pure 34 as a pale
yellow liquid, bp 99-100° (0.15 mm).
Anal. Calcd. for CgH^Ng: C, 70.55; H, 8.88; N, 20.57.
Found (WS): C, 70.10; H, 9.16; N, 20.80.
IR Spectrum: 3035w, 2965m, 2925m, 2850m, 2800w, 2177,
1625, 1480w, 1445m, 1410, 1358m, 1300m, 1212m, 1195m, 1145m, 
1110, 1048m. For the complete spectrum of 34^  see Fig. 12.
NMR Spectrum: See Fig. 34.
1-Methyl-3-cyano-6-.p-tolyl-l,4,5,6-tetrahydropyridine 
(35). A solution of 5.0 g (0.024 mole) of l-methyl-3-cyano- 
6-p-tolyl-l,6-dihydropyridine (12) in 100 ml of methanol was 
hydrogenated at atmospheric pressure with magnetic stirring 
using 0.25 g of platinum oxide as catalyst. The hydrogenation 
was stopped after 11 hr and the catalyst was removed by
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filtration. The methanol was removed by evaporation. The 
viscous residue was distilled twice to give 1.9 g of pale 
yellow viscous oil, bp 147-148° (0.03 mm), which slowly solidi­
fied on standing to give crude 35^  , mp 67-72°.
The solid was recrystallized twice from hexane to give 
1.2 g (247o) of 35 as white crystals, mp 73-75°.
Anal. Calcd. for C, 79.20; H, 7.60; N, 13.20.
Found (FM): C, 79.41; H, 7.76; N, 13.40.
IR Spectrum: 2950w, 2930w, 2885w, 2173, 1625, 1507w,
1403m, 146Ow, 1435m, 1305w, 1130m, 1092m, lOlOw, 930w, 818w, 
803w. For the complete spectrum of 35_ see Fig. 13.
UV Spectrum (CH30H): 275 (21,300).
NMR Spectrum: See Fig. 35.
Mass Spectrum: See Fig. 56.
1,4,6-Trimethyl-2-phenyl-3-cyano-l,2,5.6-tetrahydro- 
pyridine (40) and the Hydrobromide. A solution of 9.4 g 
(0.042 mole) of l,4,6-trimethyl-2-phenyl-3-cyano-l,2-dihydro- 
pyridine (22) in 100 ml of methanol was hydrogenated at one 
atmosphere using 0.94 g of platinum oxide as catalyst. The 
hydrogenation was stopped after 3.5 hr at which time the up­
take of hydrogen had nearly ceased. The solution was filtered 
to remove the catalyst, and the solvent was evaporated to leave 
a viscous yellow oil. Distillation of the oil gave 5.7 g (61%) 
of impure 40 as a yellow liquid, bp 111-113° (0.03 mm).
The nature and extent of the impurity are not known.
It has not been detected by gas chromatography and is not 
visible in the nmr spectrum. Thin layer chromatography on 
silica gel (Eastman "Chromagram" sheet with ether as solvent) 
shows_ a small spot with a very low value and the ultra­
violet spectrum exhibits an extraneous broad shoulder at about
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290 mji (€ = 236) in methanol.
Anal. Calcd. for C ^ H ^ N ^  C, 79.60; H, 8.02; N, 12.38. 
Found (FM): C, 79.59; H, 8.15; N, 12.42.
IR Spectrum: 3060m, 3025m, 2970, 2910, 2830, 2845, 2975,
2690w, 2660w, 2600w, 2580w, 2210, 1650, 1600w, 1570w, 1485m, 
1450, 1415m, 1380, 1350m, 1330m, 1300w, 1262m, 1228m, 1180, 
1132, 1078m, 1038m, 1002m, 832m, 777m, 740, 700.
UV Spectrum: 290sh (236); 268 (428); 264 (525); 257
(628); 251sh (687); 212 (17,600).
NMR Spectrum: See Fig. 36.
A 0.8 g (0.0036 mole) sample of impure 40 was dis­
solved in 20 ml of ether and hydrogen bromide gas was bubbled 
in until no further precipitate formed. The solid was col­
lected, washed with ether, and crystallized three times from 
ethanol with charcoal treatment to give 0.46 g (42%) of 6C) 
as small white crystals, mp 235-237°.
Anal. Calcd. for C^H^g^Br: C, 58.63; H, 6.23; N, 9.12.
Found (FM): C, 58.57; H, 6.28; N, 9.27.
IR Spectrum: 3040w, 3020w, 3000w, 2905m, 2875m, 2745w,
2550, 2478m, 2215w, 1645m, 1500w, 1455, 1430m, 1405, 1375m, 
748, 700.
UV Spectrum (CH^OH): 267 (226); 262 (297); 257.5 (309);
251.5 (252).
NMR Spectrum: See Fig. 37.
Cis-1.2-Dimethyl-3-carbomethoxypiperidine (39) . A 
solution of 3.0 g (0.018 mole) of 1,2-dimethyl-3-carbomethoxy-
1,2-dihydropyridine (27) in 30 ml of methanol was hydrogenated 
at one atmosphere with magnetic stirring using 0.30 g of
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platinum oxide as catalyst. Hydrogen absorption ceased after 
about 900 ml had been absorbed in 6.7 hr. The catalyst was 
removed by filtration and the methanol was evaporated. The 
residue was dissolved in 60 ml of hexane, treated with char­
coal, and the hexane evaporated to give 3.0 g of yellow 
liquid, which on distillation gave 1.7 g of colorless liquid, 
bp 86-89° (7 mm). Gas chromatographic analysis (2 m 5%
Carbowax 20M on HMDS treated Chromosorb W, 172°) indicated 
the presence of five components. The three components of 
shortest retention times constituted a total of 5% and were 
not identified. The major component constituted 86% and the 
component of longest retention time the remaining 9%.
Preparative gas chromatography (20’ x 3/8" 20% Carbo­
wax 20M on Chromosorb W, 182°) provided 0.73 g of the major 
component (39) and 0.08 g of long retention time component 
( 61).
Methyl cis-1,2-dimethyl-3-carbomethoxypiperidine was
25 0°obtained as a colorless liquid, n^ ' = 1.4595.
Anal. Calcd. for CgH17N02: C, 63.13; H, 10.00; N, 8.18.
Found (FM): C, 63.46; H, 9.80; N, 8.36.
IR Spectrum: 2950m, 2940sh, 2845w, 2800m, 1735, 1435m,
1370m, 1320w, 1288w, 1218m, 1148.
NMR Spectrum: See Fig. 38. The cis configuration was
assigned on the basis of the coupling constant, ^ ~ 4.5.
The long retention time material has been tentatively 
identified as l-methyl-3-ethyl-2-piperidone (61).
Anal. Calcd. for CgH-^NO: C, 68.04; H, 10.71; N, 9.92.
Found (FM): C, 67.52; H, 10.54; N, 9.93.
IR Spectrum: 1640.
\
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NMR Spectrum (CDCl^): 0.93 (triplet, 3 protons)j
1.2-2.4 (multiplet, 7 protons); 2.92 (singlet, 3 protons);
3.30 (multiplet, 2 protons).
Cis-1,1,2-Trimethyl-3-carbomethoxypiperidinium 
Bromide (62)• To a solution of about 0.25 g (0.0015 mole) 
of cis-l,2-dimethyl-3-carbomethoxypiperidine (39) in 0.5 ml 
of acetone was added 1 ml of 1:1 methyl bromide-acetone at 
0°. After 3 hr the solid which precipitated was collected, 
washed with acetone, and dried to give 0.35 g (90%) of 62 
as white crystals, mp 200-201°.
Anal. Calcd. for C^Q^QNC^Br: C, 45.12; H, 7.57; N, 5.26.
Found (FM): C, 45.28; H, 7.60; N, 5.48.
IR Spectrum: 30l6w, 2960w, 2919w, 1730, 1457m, 1427m,
1372w, 1342m, 1310w, 1241m, 1204, 1198.
NMR Spectrum: See Fig. 39.
1,6-Dimethyl-3-carbomethoxy-l,4,5,6-tetrahydropyridine 
(36 ). a solution of 7.0 g (0.042 mole) of 1,6-dimethyl-3- 
carbomethoxy-1,6-dihydropyridine (2j3 ) in 100 ml of methanol 
was hydrogenated with magnetic stirring at one atmosphere and 
room temperature using 0.70 g of platinum oxide as catalyst.
The absorption of hydrogen stopped after 2.5 hr and the cata­
lyst was removed by filtration. Removal of the methanol and 
distillation of the residue gave 4.4 g (62%) of pure 3_6 as a 
yellow liquid, bp 130-131° (8 mm).
Anal. Calcd. for CoH11.N0o: C, 63.88; H, 8.94; N, 8.28.
54
Found : C, 63.68; H, 8.88; N, 8.44.
IR Spectrum: 2965m, 2940m, 2850w, 2800w, 1680, 1620,
1435m, 1407m, 1378w, 1335m, 1290, 1210m, 1168, 1118m, 1065m.
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UV Spectrum (ClLjOH); 292.5 (24,300).
NMR Spectrum: See Fig. 40.
l-Methyl-3-carbomethoxy-6-phenyl-l,4,5,6-tetrahydro- 
pyridine (37). A solution of 10.0 g (0.0436 mole) of 1-methyl-
3-carbomethoxy-6-phenyl-l,6-dihydropyridine (28) in 200 ml of 
methanol was hydrogenated at atmospheric pressure with magnetic 
stirring using 0.50 g of platinum oxide as catalyst. Hydrogen 
absorption ceased after 2.7 hr and the catalyst was removed by 
filtration. Removal of the methanol followed by two distil­
lations of the residue gave 4.6 g (45%) of 3^7 as a colorless 
liquid, bp 126-127.5° (0.02 mm).
Anal. Calcd. for C, 72.70; H, 7.41; N, 6.06.
Found (FM): C, 73.10; H, 7.24; N, 6.19.
IR Spectrum: 3060w, 3030w, 2945m, 2850w, 1680, 1620,
1580sh, 1490w, 1435m, 1408m, 1380sh, 1345m, 1325m, 1290,
1183m, 1165, 1085, 755m, 700m. For the complete spectrum of 
37 see Fig. 14.
UV Spectrum (CH^OH): 293 (25,400).
NMR Spectrum: See Fig. 41.
l-Methyl-3-cyano-6-phenylpyridinium Fluoborate (42).
A solution of 13.37 g (0.0682 mole) of l-methyl-3-cyano-6- 
pheny1-1,6-dihydropyridine (11) in 25 ml of dry methylene 
chloride was added to 24.8 g (0.0750 mole) of triphenyl- 
methyl fluoborate dissolved in 250 ml of dry methylene chlo­
ride. After 48 hr at room temperature the precipitated solid
was collected, washed with two 30 ml portions of methylene
►
chloride and dried to give 17.2 g of light orange crystals, 
mp 200-208°.
Crystallization of the crude material from about 300 
ml of methanol and then from 150 ml of water with a charcoal
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treatment each time gave 9.68 g (50%) of pure 42 as stout 
white needles, mp 209.5-212°. An additional 1.67 g (9%) of 
slightly lower melting material was recovered from the mother 
liquors. The analytical sample, mp 210-212°, was obtained 
from water.
Anal. Calcd. for C ^ H ^ N ^ F ^  C, 55.35; H, 3.93; N, 9.93. 
Found (FM): C, 54.99; H, 3.93; N, 9.94.
IR Spectrum: 3165w, 3100m, 3075m, 3015w, 2240m, 1637,
1600w, 1565m, 1560sh, 1527, 1485m, 1450, 1390m, 1267m, 1085- 
1030, 867m, 776, 747m, 739, 702.
NMR Spectrum: See Fig. 42.
l-Methyl-3-cyano-6-phenylpyridinium Bromide (63).
Solid potassium bromide, 0.13 g (0.0011 mole), was added to 
a hot solution of 0.31 g (0.0010 mole) of l-methyl-3-cyano-
6-phenylpyridinium fluoborate in about 10 ml of water. The 
solution was cooled and the precipitate which formed was re­
moved by filtration. The aqueous solution was evaporated to 
dryness and the residue was recrystallized twice from 2-pro­
panol to give 0.10 g (33%) of 63_ as cream white crystals, mp 
201.5-202° (gas evolution).
Anal. Calcd. for C^^H^^N^Br: C, 56.74; H, 4.03.
Found (WS): C, 56.84; H, 4.22.
l-Methyl-3-cyano-6-o-tolylpyridinium Fluoborate (43). 
Solid l-methyl-3-cyano-6-o-tolyl-l,6-dihydropyridine, 3.30 g 
(0.0100 mole), was added to a solution of 2.24 g (0.0100 
mole) of triphenylmethyl fluoborate in 50 ml of dry methylene 
chloride. The solid dissolved to give a clear orange solu­
tion. After two days the precipitate was collected, washed 
with 30 ml of methylene chloride, and dried to give 2.09 g 
(71%) of crude 43 as yellow crystals, mp 183-190°.
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Two recrystallizations from ethanol gave 1.78 g (60%) 
of 43 as cream white crystals, mp 190-191.5°.
Anal. Calcd. for C^EL^N^F^: C, 56.79; H, 4.42; N, 9.46.
Found (FM): C, 56.56; H, 4.48; N, 9.64.
IR Spectrum: 3170w, 3095m, 3015w, 2250w, 1635, I605w,
1565m, 1525, 1485m, 1445m, 1390w, 1158, 860m, 772.
NMR Spectrum: See Fig. 43.
1-Methyl-3-carbomethoxy-6-phenylpyridinium Fluoborate 
(44). Solid 1-methyl-3-carbomethoxy-6-phenyl-l,6-dihydropyri- 
dine, 19.0 g (0.0830 mole), was added to 27.6 g (0.0838 mole) 
of triphenylmethyl fluoborate in 100 ml of dry methylene chlo­
ride. All of the solid dissolved within a few minutes. The 
solution was allowed to stand for three weeks and the solid 
which slowly precipitated was collected, washed thoroughly 
with methylene chloride, and dried to give 16.3 g (62%) of
44 as pale purple crystals, mp 190-192.5°.
Two recrystallizations from methanol gave 11.2 g (43%) 
of pure 44 as white needles, mp 192.5-193.5°.
Anal. Calcd. for C^H^ITC^BF^: C, 53.36; H, 4.48; N, 4.45.
Found (FM): C, 53,53; H, 4.60; N, 4.57.
IR Spectrum: 3080w, 1737, 1642m, 1600w, 1580w, 1570w,
1522w, 1485w, 1450m, 1435m, 1390w, 1300, 1262, 1080-1030, 758, 
703m.
NMR Spectrum: See Fig. 44.
2-Benzyl-N,3-diphenyl-7-cyano-2-azabicyclo[2.2.2] oct-
7-ene-5,6-dicarboximide (17). A mixture of 1.36 g (0.0050 
mole) of l-benzyl-3-cyano-6-phenyl-l,6-dihydropyridine (14) 
and 0.87 g (0.0050 mole) of N-phenylmaleimide in 25 ml of dry 
xylene was heated under reflux for 22 hr. The resulting clear 
orange solution on being allowed to cool and stand deposited
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crystals which were collected, washed with 10 ml of benzene 
and dried to give 1.82 g (82%) of 17 as light yellow-tan 
crystals, mp 237-240°.
A small sample of crude 17 was recrystallized from 
xylene for analysis to give cream white crystals, mp 241.5- 
243°.
Anal. Calcd. for C2gH23N302: C, 78.18; H, 5.20; N, 9.43.
Found (FM): C, 78.28; H, 5.21; N, 9.31.
IR Spectrum: 3075w, 3055w, 3025w, 2820w, 2217m, 1765w,
1705, 1610w, 1590w, 1495m, 1450w, 1390, 1355w, 1202, 1190,
750, 742, 700, 694.
NMR Spectrum (CF3COOH, external TMS): 3.45-4.67 (multi-
plets, 6 protons); 5.12 (broad singlet, 1 proton); 6.40-7.17 
(multiplet, 15 protons); 7.39 (doublet, J = 6, 1 proton).
Triphenylmethyl Fluoborate (41 ). The procedure used
55for the synthesis of 41_ was a modification of that reported 
in the literature.
In a 2 1 Erlenmeyer flask equipped with a thermometer 
and arranged for magnetic stirring were placed 104.1 g (0.400 
mole) of pure triphenylcarbinol (white crystals, minimum mp 
161-163°) and 560 ml of acetic anhydride. The stirred sus­
pension was cooled to -5° in an ice-salt bath, and 110 ml of 
48-50% aqueous fluoboric acid was added dropwise at a rate 
which did not cause the temperature to rise above 20°. The 
mixture was diluted with 550 ml of dry carbon tetrachloride 
and cooled to 5° to complete the precipitation.
The solid was collected on a funnel with a fritted 
glass disc, washed with three 100 ml portions of dry carbon 
tetrachloride, and dried in a vacuum dessicator over potassium 
hydroxide pellets at 2 mm to give 125.9 g (95%) of 41 as
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
61
orange crystals, mp 212.5-215.5° (dec); lit.^mp 200° (dec). 
The product tenaciously holds acetic acid as was evident from 
its odor.
The melting point of 41 is quite dependent on the 
rate of heating. Consistent results were obtained by placing 
the capillary tube containing the material in an oil bath at 
190° with the temperature rising at 3-4°/min. No darkening 
was observed.
1-Triphenylmethylpyridinium Fluoborate (45 ). Dry 
pyridine, 9.7 ml (0.12 mole), was added with cooling to 33.0 g 
(0.100 mole) of triphenylmethyl fluoborate (41.) in 50 ml of 
methylene chloride. The—mixture was stirred at room tempera­
ture for 2 hr, and cooled to 10°. The solid which precipi­
tated was collected, washed with 30 ml of methylene chloride,
and dried to give 37.8 g (93%) of 45 as light yellow solid
—  38
which shrinks at 172°, mp 182-186°j lit. mp 177-186°.
1-Triphenylmethyl-3-cyanopyridinium Fluoborate ( 64 ).
A solution of 12.5 g (0.12 mole) of 3-cyanopyridine in 15 ml 
of methylene chloride was added with stirring to 33.0 g (0.10 
mole) of triphenylmethyl fluoborate (41 ) covered with 35 ml 
of methylene chloride. After 3 hr the solid was collected, 
washed with two 25 ml portions of a 1:1 mixture of methylene 
chloride and carbon tetrachloride, and dried to give 31.4 g
(727c) of 64 as a light yellow solid which shrinks at 118°,
T  38
mp 121-128 (dec); lit. mp 115-130 . The material was
estimated to be 75-80% pure from the analysis.
Anal. Calcd. for C2 ^H^gN2 BF^: C, 69.14; H, 4.41; N, 6.45.
Found (FM): C, 61.23; H, 4.20; N, 8.03.
IR Spectrum: 3l35w, 3080m, 2245w, 1627m, 1600sh, 1545w,
1482, 1445, 1438sh, 1330w, 1088, 1055, 897m, 757m, 733m, 702, 
684m.
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4-Phenylpyridine (48). The Grignard reagent prepared 
from 17.3 g (0.110 mole) of bromobenzene and 2.92 g (0.120 
mole) of magnesium in 75 ml of tetrahydrofuran was added drop- 
wise in 0.4 hr to a stirred suspension of 37.5 g (0.0918 mole) 
of 1-triphenylmethylpyridinium fluoborate (45 ) in 100 ml of 
tetrahydrofuran in an ice-bath. The mixture was stirred at 
room temperature for 0.3 hr and hydrolyzed by the addition of 
25 ml of a saturated aqueous solution of ammonium chloride and 
25 ml of water.
The mixture was diluted with 500 ml of water and ex­
tracted with 250 ml of ether. The ether extract was washed 
twice with 500 ml portions of water, diluted with 100 ml of 
methylene chloride, dried over potassium carbonate, and evapo­
rated to give a sticky pale yellow solid.
The solid was pyrolyzed at 8 mm under a water-cooled 
condenser in an air bath held at 200° for 1 hr. After cooling 
the material in the condenser and in the pot was dissolved in 
200 ml of ether. Hydrogen bromide gas was bubbled into the 
ether solution until precipitation was complete. The precipi­
tate was collected, washed with three 50 ml portions of ether, 
and dried to give 16.2 g of light brown powder, mp 103° to 
greater than 200°. This solid was suspended in a mixture of 
200 ml of ether and 20 ml of water. Solid potassium carbonate 
was added in large excess and the ether layer was decanted, 
dried over potassium carbonate, treated with charcoal, and 
evaporated to give a brown solid. Recrystallization in por­
tions from a total of 6 1 of water gave 5.03 g (35%) of 48 
as white plates, mp 73-75.5°. A mixture melting point with 
authentic 4-phenylpyridine was not depressed.
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S-(-)-Ethyl Pyroglutamate (50 ). To 147.1 g (1.00 
mole) of S-(+)-glutamic acid (L-(+)-glutamic acid) was added 
600 ml of absolute ethanol which had been saturated with 
hydrogen chloride at 5°. The mixture was allowed to stand 
for 18 hr and then warmed slowly until the excess hydrogen 
chloride had been expelled. After heating under reflux for 
3 hr all of the solid dissolved and heating was continued 
for an additional 2 hr. The solvent was removed under reduced 
pressure, and the residue was heated under reflux with 300 ml 
of absolute ethanol for 3 hr. The solvent was again removed 
under reduced pressure. The residual clear oil, diethyl glu­
tamate hydrochloride, began to crystallize on standing.
The solid diethyl glutamate hydrochloride was dissolved 
in 100 ml of water, and the solution was covered with 300 ml 
of ether. The mixture was cooled to below 15° and the pH was 
adjusted to between 9 and 10 by the addition of 507o aqueous 
sodium hydroxide solution without allowing the temperature to 
exceed 15°. The ether layer was separated and the aqueous 
layer was extracted with three 100 ml portions of ether. The 
combined extracts were dried over magnesium sulfate and the 
ether was removed to give crude diethylglutamate as a colorless 
oil.
The crude diethyl glutamate was heated under an air 
condenser at 10 mm in an oil bath held at 160-168° for 1.5 hr. 
The residue was distilled to give 113.0 g (72%) of 50, as a 
colorless oil which slowly solidified, bp 141.5-143° (1.3-1.4 
ran), [a]p8*2 - -2.17° ± 0.07° (c = 17.5, H20)(Lit.57bp 137-140 
(0.45 mm) j [“Jp = -2.45° (c = 20.0, H20);Lit.^ =
-2.47° (c = 17.43, H20)).
NMR Spectrum (CDCl^): 1.28 (triplet, J = 7, 3 protons);
2.03-2.58 (multiplet, 4 protons); 4.22 (quartet, J = 7, 3 pro­
tons); 7.80 (singlet, 1 proton).
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The pot residue from the distillation solidified on 
standing, and the solid was recrystallized twice from 2-propa­
nol to give 0.92 g (1.2%) of S-diethyl N-pyroglutamyl-S-gluta-
mate (54) as small white crystals, mp 131-132.5°, [a]33'^  =
42 9Q
-39.6° ± 0.7° (c = 3.99, H20); (Lit. mp 132-134°, [a]^ =
-40.3° (c = 4.00, H20); Lit.43 mp 128-129°, [a]35 = -39.0°
(c = 3.95, H20)).
NMR Spectrum: See Fig. 45.
S-Methyl Pyroglutamate (51). Following a procedure 
similar to that of Humphet and Wilson^, 200 ml (2.80 mole) 
of thionyl chloride was added dropwise in 0.5 hr with stirring 
to 550 ml of methanol which was held between 0° and 10°. To 
the resulting solution was added 147.1 g (1.00 mole) of S-(+)- 
glutamic acid. The mixture was allowed to warm to room tempera­
ture and stirred at room temperature for 14 hr. The resulting 
clear solution was warmed on a water bath at 50° for 2 hr.
The solution was evaporated under reduced pressure 
below 50°. The residue was diluted with 400 ml of methylene 
chloride, cooled to below 10°, and 400 ml of water was added. 
Cold 50% aqueous potassium carbonate solution was added until 
no further evolution of carbon dioxide occurred. The layers 
were separated and the aqueous layer was extracted with two 
100 ml portions of methylene chloride. The combined methylene 
chloride extracts were dried over potassium carbonate and evapo­
rated. The crude dimethyl glutamate was heated under a reflux I 
condenser at 12 mm in an oil bath held at 150-155° for 0.7 hr. 
Distillation of the residue through a 4 inch Vigreaux column 
gave 54.3 g (38%) of 51 as a colorless liquid, bp 117-119 
(0.3 mm) ; lit.4  ^ bp 113 (0.2 mm). The density was obtained from 
a 5 ml sample which weighed 6.2074 g : = 1.2415 g/ml.
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IR Spectrum; 3250 broad, 2950m, 1740, 1700, 1435m, 1375w, 
1325w, 1212m, 1150w, 1040w.
NMR Spectrum (CDCl^): 1.92-2.68 (multiplet, 4 protons);
3.75 (singlet, 3 protons); 4.15-4.48 (multiplet, 1 proton);
7.78 (singlet, 1 proton).
The optical rotation data in aqueous solution and neat 
are summarized below. The reported values are [a]^ = -5.6°
(c = 2.84, H20)46 and [a]33 = +0.91° (c = 2%, H20) .45
Cone.(g/100ml) a( °) Temp.
[a]D
2.8004 + 0.015 i .025 28.1 + 0,.54 + .89
5.601 + 0.060 .030 28.2 + 1..07 + .54
28.004 + 0.635 -f .032 28.0 + 2..27 + .11
38.074 + 0o 940 + .033 26.5 + 2..47 + .09
63.462 + 1.768 4~ .027 26.9 + 2.,79 + .04
105.77 4“ 1.282 -b .035 27.0 + 1..21 + .03
neat - 4.468 -b .022 26.0 - 3., 60 + .05
neat 4.451 + .030 29.5 3.,59 + .07
*The difference between the temperature at which the 
density was obtained and the temperature at which the rotation 
was measured has been allowed for in the calculation of these 
error values.
Optical rotatory dispersion data gives plain positive 
curves- for-both aqueous solutions and for the neat material. 
The data are given below.










600 0.2 0.6 -3.2
500 4.4 6.6 0.0
400 25.1 31.0 20.1
300 184. 238.
*The data were obtained on a Rudolph recording spectro- 
polarimeter Model 260/655/850/810-614. The concentrations 
of the solutions are in g/100 ml in water. The solutions 
were run in a 0.1 dcm tube and the neat sample was run in a 
0.01 dcm tube.
S-l-Pyroglutamoylpyrrolidine (52).
A. Preparation from S-Methyl Pyroglutamate (51). The 
temperature of a solution of 50.0 g (0.350 mole) of S-methyl 
pyroglutamate (51) in 117 ml (1.40 mole) of pyrrolidine began 
to increase immediately after mixing and the solution was 
placed in a water bath at 25-27°. After 16 hr. vapor phase 
chromatography indicated the complete absence of S-methyl 
pyroglutamate. The excess pyrrolidine was removed under 
reduced pressure below 40°, and the residue crystallized from 
100 ml of ethyl acetate to give 59.3 g (93%) of 52_ as hygro­
scopic white needles, mp 108-111.5°, = -43.9° ± 0.9°
44
(c = 1.866, H20)j lit. mp 111-112°, [ a ] = -40.5° (c - 2, 
h2o) .
B. Preparation from S-(-)-ethyl pyroglutamate (50). A 
solution of 78.6 g (0.500 mole) of S-ethyl pyroglutamate (50) 
in 166 ml (2.00 mole) of pyrrolidine became slightly warm
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after standing for 0.5 hr, and was placed in a water bath at 
25-27°. After 16 hr vapor phase chromatography indicated the 
complete absence of S-ethyl pyroglutamate. The excess pyrroli­
dine was removed under reduced pressure below 40°, and the 
residue was crystallized from 200 ml of ethyl acetate to give 
73.9 g (81%) of .52 as hygroscopic white needles, mp 109-112°, 
[ajj:8-5 = -44.0° ± 1.0° (c = 1.972, H20); lit.44 mp 111-112°,
[a]p = -40.5° (c - 2, H20).
NMR Spectrum: See Fig. 46.
C. Preparation from S-(-)-ethyl pyroglutamate (50 ) . A 
solution of 78.6 g (0.500 mole) of S-ethyl pyroglutamate in 
116 ml (2.00 mole) of pyrrolidine was heated under reflux for 
14 hr. The excess pyrrolidine was removed under reduced pres­
sure, and the residue was dissolved in 200 ml of ethyl acetate.
On cooling a small amount of material was deposited. This 
material was collected, washed with ethyl acetate, and dried 
to give 10.7 g (12%) of small white crystals, mp 136-138.5°. 
Recrystallization of this material from a mixture of 180 ml of 
ethyl acetate and 20 ml of 2-propanol gave 8.3 g (9%) of racemic 
1-pyroglutamoylpyrrolidine (55_) as white crystals, mp 138-139.5°, 
[a]q 7 *° = 0.0° ± 0.2° (c = 4.01, H20).
Anal. Calcd. for C g H ^ N ^ :  C, 59.32; H, 7.74.
Found (WS): C, 58.97; H, 7.89
IR Spectrum: 3255, 3115w, 2925w, 2865w, 1690, 1620, 1445m,
1420w, 1365w, 1320m, 1270m, 710.
NMR Spectrum (CDCl^): 1.6-2.6 (multiplet, 8 protons);
3.1-3.8 (multiplet, 4 protons); 4.28-4.60 (multiplet, 1 proton); 
7.58 (singlet, 1 proton).
The filtrate from the crude racemic material eventually 
yielded 35.9 g (39%) of crude 52^  as light tan crystals, mp
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105-110.5°.
S-2-Pyrrolidinomethylpyrrolidine (53). The amide, 
1-pyroglutamylpyrrolidine (52), 58.7 g (0.322 mole), was 
extracted in 3 hr from an externally cooled Soxhlet into a 
stirred suspension of 25 g (0.66 mole) of lithium aluminum 
hydride in 700 ml of tetrahydrofuran heated at reflux. Re­
flux with stirring was maintained for 72 hr. Hyrolysis was 
accomplished by the successive dropwise addition of 25 ml of 
water, 25 ml of 15% aqueous sodium hydroxide, and 75 ml of 
water. The precipitate was removed by filtration and washed 
with two 100 ml portions of hot tetrahydrofuran. The com­
bined filtrate and washings were evaporated under reduced 
pressure to a volume of about 60 ml, diluted with 50 ml of 
ether, dried over potassium carbonate, and again evaporated 
under reduced pressure to a volume of about 60 ml. The resi­
due was distilled to afford 30.0 g (60%) of pure 53^  as a
colorless liquid, bp 106-107.5° (16.5 mm), n2^ ’^  = 1.4853, 
oq c oq /, D
= 0.9424 g/ml, [ a ] £ *  = + 4.65° ± 0.02° (neat).
The sample used to obtain the analysis and the infra­
red and nmr spectra was identical except for a lower optical 
purity: [a]20,8 = +3.81° ± 0.02° (neat).
Anal. Calcd. for C9H18N2: C, 70.07; H, 11.76.
Found (WS): C, 70.13; H, 11.81.
IR Spectrum: 3300m (broad), 2965, 2870, 2785, 1625w,
153Ow, 1460m, 1445m, 1400m, 1350w, 1310w, 1142w, 877w.
NMR Spectrum: See Fig. 47.
S-l-Methyl-2-pyrrolidinomethylpyrrolidine ( 49 ). To 
53.1 ml (1.25 mole) of 90.8% formic acid in an ice bath was 
added dropwise 60.0 g (0.389 mole) of S-2-pyrrolidinomethyl" 
pyrrolidine (53.) followed by 35.5 ml (about 0.467 mole) of
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37% aqueous formaldehyde. The solution was stirred at room 
temperature for 20 hr, then heated under reflux on a steam 
bath for 4 hr. The addition of 65 ml of concentrated aqueous 
hydrochloric acid followed by evaporation under reduced pres­
sure on a steam bath gave a tan solid. The solid was dis­
solved in 100 ml of water and made strongly basic by the
addition of 200 ml of 25% aqueous sodium hydroxide solution 
with cooling. The basic mixture was extracted with 400 ml of 
ether in three portions. The combined extracts were dried 
over potassium carbonate and the ether was removed by distil­
lation to give 69.7 g of crude 49 as a pale yellow liquid.
Distillation of the crude material through a 4-inch 
Vigreaux column using 2 drops of Union Carbide "SAG 47" sili­
cone antifoam agent to reduce otherwise drastic foaming 
afforded 57.4 g (88%) of pure 49 as a colorless liquid, bp 98- 
101.5° (14-15 mm), n^5*0 = 1.4738, £ct] '8 = -93.7° ± 0.3
(c = 9.748, 95% ethanol).
The material turns slightly yellow on prolonged stand­
ing and a sample was redistilled for analysis, bp 99.5-101°
(15 mm), n^5'° = 1.4739.
Anal. Calcd. for C;lqH20^2: C, 71.37; H, 11.98.
Found (W&): C, 71.41; H, 11.69.
IR Spectrum: 2960, 2900m, 2872m, 2830m, 2775, 2680w,
1450m, 1345m, 1147m.
NMR Spectrum: See Fig. 48.
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APPENDIX I 
Infrared Spectra
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APPENDIX II 
Nuclear Magnetic Resonance Spectra
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Nuclear Magnetic Resonance Spectra. The spectra shown in Fig.
15 through Fig. 48 were obtained on a Varian Model A-60 nmr
spectrometer. The assignments of the resonances to specific
protons are shown on the spectra.
The 100 Me spectrum of l-benzyl-2-deuterio-3-cyano-6-
phenyl-1,6-dihydropyridine (16) is shown in Fig. 23A. The
ABX pattern formed by the protons in the 4-, 5-, and 6-posi-
60tions was calculated using a set of values for the positions
61and coupling constants obtained as described by Bible. Small 
variations were made in each parameter until agreement with 
the actual spectrum was obtained. These values are plotted in 
Fig. 23A and tabulated below. The peak positions are in cycles 






5 150.4 J5,6 4.4
6 153.0 J4,6 -1.0
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Figure 15





8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
Figure 16
NMR Spectrum of 1,2-Dimethyl-3-cyano-
1,2-dihydropyridine ( 9 )
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
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Figure 17
NMR Spectrum of l-Benzyl-3-cyano-6-
t^-butyl-1,6-dihydropyridine (10)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Figure 18
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Figure 19
NMR Spectrum of l,5-Dimethyl-3-cyano-6-
phenyl-l,6-dihydropyridine (20)
cL L I I
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Figure 20
NMR Spectrum of l-Methyl-3-cyano-6- 
£-tolyl-l,6-dihydropyridine (12)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
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Figure 21
NMR Spectrum of l-Methyl-3-cyano-6-
£-tolyl-l,6-dihydropyridine (13)
* « , !\
;'.f: -  i
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Figure 22
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Figure 23
NMR Spectrum of l-Benzyl-2-deuterio-3-cyano-
6-phenyl-l,6-dihydropyridine (16)
■ < •.  ~ i i r  ~n* r ~
. ..... .
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Figure 24
NMR Spectrum of l-Benzyl-3-cyano-6- 
£-tolyl-l,6-dihydropyridine (15)
8.0 7.0 5.0 4.0 3.0 2.0




























NMR Spectrum of 3-Cyano~4-£-tolyl- 
pyridine Hydrobromide (18)
■ I.........I.....I t ,.IM—
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Figure 26
NMR Spectrum of 3-Cyano-4-£-tolylpyridine (19)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
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Figure 27
NMR Spectrum of l-Benzyl-3-cyano-6-phenyl-
ethynyl-l,6-dihydropyridine (32)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Figure 28
NMR Spectrum of 1-(2-6,-Dichlorobenzyl)-3-cyano-6- 
(1,1-dicarbethoxypropyl)-1,6-dihydropyridine (31)
Bawsna
j j l 1 MvJ .. - AA
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
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Figure 29
NMR Spectrum of l,2-Dimethyl-3-carbomethoxy-
l,2-dihydropyridihe'n[27)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Figure 30
NMR Spectrum of 1,6-Dimethyl-3-carbomethoxy-
1,6-dihydropyridine (26)
w'V\a J
8.0 - 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
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Figure 31
NMR Spectrum of l-Methyl-3-carbomethoxy-6- 
pheny1-1,6-dihydropyridine (28)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Figure 32 
NMR Spectrum of a 
Mixture of 1-Benzyl-3-carbomethoxy-6-phenyl-l,6- 
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Figure 33
NMR Spectrum of l,2-Dimethyl-3-cyano-
1,4,5,6-tetrahydropyridine (38)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Figure 34
NMR Spectrum of 1,6-Dimethyl-3-cyano-
1,4,5,6-tetrahydropyridine (34)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
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Figure 35
NMR Spectrum of l-Methyl-3-cyano-6-£-tolyl-
1,4,5,6-tetrahydropyridine (35)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Figure 36
NMR Spectrum of 1,4,6-Trimethyl-2-phenyl-3-cyano-
1,2,5,6-tetrahydropyridine (40)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
92
Figure 37
NMR Spectrum of l,4,6-Trimethyl-2-phenyl-3-cyano-
1,2,5,6-tetrahydropyridine Hydrobromide (60)
IW 'ig B C S
>--1
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Figure 38
NMR Spectrum of Cis-1,2-dimethyl-3- 
carbomethoxypiperidine (39)
I.— -~'i
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
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Figure 39
NMR Spectrum of Cis-1,1,2-trimethyl-3- 
carbomethoxypiperidinium Bromide (62)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Figure 40
NMR Spectrum of 1 ,6-Dimethyl-3-carbomethoxy-
1,4,5,6-tetrahydropyridine (36)
8.0 7.0 6.0 5.0 4.0 3.0 2.0- 1.0 0
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Figure 41
NMR Spectrum of l-Methyl-3-carbomethoxy-6-phenyl-
1,4,5,6-tetrahydropyridine (37)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
Figure 42
NMR Spectrum of l-Methyl-3-cyano-6-phenyl- 
pyridinium Fluoborate (42)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
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Figure 43
NMR Spectrum of l-Methyl-3-cyano-6-£-tolyl- 
pyridinium Fluoborate (43)
_/
. , r. . . rr~r. . . I . ..........— ~ — •-----1----- . *  : »----- • r . i ..... i .
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Figure 44
NMR Spectrum of l-Methyl-3-carbomethoxy-6- 
phenylpyridinium Fluoborate (44)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
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Figure 45





8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Figure 46
NMR Spectrum of S-l-pyroglutamoylpyrrolidine (52)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
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Figure 47
NMR Spectrum of S-2-Pyrrolidino- 
methylpyrrolidine (53)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
Figure 48
NMR Spectrum of S-l-Methyl-2-pyrrolidino- 
methylpyrrolidine (49)
8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0
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APPENDIX III 
Mass Spectra
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Mass Spectra. Prior to 1968 no mass spectra of dihydropyri-
dines had appeared in the literature. Since that time a
62careful study of some 1,4-dihydropyridines and another
report listing the major fragments for another 1,4-dihydro- 
63
pyridine have been published.
The mass spectra of seven 1,6-dihydropyridines and
one 1,4,5,6-tetrahydropyridine which were prepared in the
present work are presented in Fig. 49 through Fig. 56. In
each case a molecular ion was observed. The main mode of
fragmentation of the dihydropyridines was the loss of either
the aryl group or the hydrogen atom on the 6-position to give
the aromatic pyridinium ion. Although many of the further
fragments can be rationalized on the basis of the scheme pro-
62posed by Wang and Thornton , the usefulness of this scheme 
is dubious in the present case, since with all compounds it 
was possible to draw alternate mechanisms for the appearance 
of each fragment. A large number of appropriately labeled 
compounds would be necessary to permit unequivocal assignment 
of the fragmentation pattern.
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Aryl Grignard and cadmium reagents reacted with the 
quaternary salts of 3-cyanopyridines and 3-carbomethoxy- 
pyridine to give 6-aryl-l,6-dihydropyridines. If the 6- 
position was blocked by using 1,4-6-trimethyl-3-cyanopyri- 
dinium iodide as the salt the product was the 2-aryl-l,2- 
dihydropyridine.
Methyl Grignard and cadmium reagents reacted with 1- 
methyl-3-cyanopyridinium iodide and l-methyl-3-carbomethoxy- 
pyridinium bromide, respectively, to give mixtures of the 1, 
6-dihydropyridine and the 1,2-dihydropyridine in which the
1.6-dihydropyridine predominated.
t^-Butylmagnesium chloride, phenylethynylmagnesium 
bromide, and the sodium salt of diethyl ethylmalonate reacted 
with l-methyl-3-cyanopyridinium salts to give the correspond­
ing 1,6-dihydropyridines.
The catalytic reduction of 3-cyano- and 3-carbomethoxy-
1.6-dihydropyridines on a platinum catalyst was found to give
1.4.5.6-tetrahydropyridines in accordance with published ob­
servations, whereas three 1,2-dihydropyridines were found to 
give different types of products dependent on the precise 
nature of the 1,2-dihydropyridine.
Triphenylmethyl fluoborate was found to be a satis­
factory reagent for converting 3-cyano- and 3-carbomethoxy-
1.6-dihydropyridines to the corresponding pyridinium fluo- 
borates provided that groups bearing readily abstractable 
hydrogen were not present.
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